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The cause of schizophrenia is as little 
understood in a basic sense today as were 
infectious diseases before the time of Pas- 
teur. Whether schizophrenia is one disease 
or many is unclear. Psychiatrists are able 
to diagnose cases as schizophrenia with 
some consistency on a characteristic set of 
behavior abnormalities. These abnormal- 
ities tend to be relatively culture-free in a 
sense that schizophrenics from London, or 
from the Fiji Islands or from Oshkosh dis- 
play similar constellations of abnormal be- 
haviors patterns. To biochemists and phys- 
iologists interested in the psychoses, it is 
a working hypothesis that these people are 
no less physically ill than are persons with 
arthritis or influenza. The behaving of a 
disembodied psyche is a meaningless con- 
cept. Abnormal behavior is presumed to 
indicate abnormal brain function. The fact 
that such disturbances are undetectable by 
the relatively crude microtechniques of his- 
tology in no way militates against the view 
of the dependence of schizophrenia on sub- 
tle changes of molecular dynamics in tis- 
sues of the brain or its internal environ- 
ment. 

In the following discussion we shall re- 
view some recent hypotheses of possible 
biochemical determinants of the psychoses. 
Work in this field has been considerably 
facilitated during recent years by the dis- 
covery of drugs that produce transient ex- 
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perimental psychoses in normal human 
subjects, and we shall consider among other 
things some recent contributions resulting 
from the study of some of these drugs. 

For a half century there has been con- 
troversy as to whether schizophrenia is 
ordinarily a result of disturbances in phys- 
icochemical events in the nervous system, or 
whether it is psychogenic in origin. Work 
of geneticists in recent years has helped 
clarify this problem and data of Franz 
Kallmann (13) are of special interest in 
this connection. He has studied the inci- 
dence of schizophrenia in approximately 
5800 relatives of hospitalized schizophrenic 
patients whose diagnoses were agreed upon 
by competent psychiatrists. The group of 
relatives included 268 one-egg identical 
twins and 685 two-egg twins. 

Kallmann’s data, in round numbers, in- 
dicate that the expectancy of schizophrenia 
in the population at large in the United 
States is 1 per cent. If, however, there is 
one schizophrenic parent in a family, the 
expectancy that there will be at least one 
schizophrenic offspring is increased to 16 
per cent. With two schizophrenic parents, 
the expectancy of a schizophrenic child 
becomes 68 per cent. If one sibling, other 
than an identical twin, is schizophrenic in 
a family the probability that another one 
will be is 14 per cent. These results could 
be interpreted either as due to genetic fac- 
tors predisposing to vulnerability or to 
social conditioning acting psychologically 
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to promote psychoses. However, his further 
data on the incidence of schizophrenia in 
twins appear to be susceptible only to a 
genetic interpretation. Thus, any twins born 
at the same time are usually brought up in 
closer emotional rapport with each other 
than are ordinary siblings separated by 
years in time of birth, but two-egg twins 
have as different a genetic makeup as do 
two children of the same parents born at 
different times. Therefore, if biologic fac- 
tors are predisposing ones for schizophrenia, 
the situation should be similar for two-egg 
twins as it is for any siblings in a family 
born at different times, and indeed this was 
found to be the case. The expectancy, if 
one two-egg twin is schizophrenic that the 
other will be is also 14 per cent. If, how- 
ever, one turns to the 268 identical one-egg 
twins, in which each member of the pair 
has the same genes, one finds that the ex- 
pectancy goes up to 86 per cent. Despite 
the fact that some members of the twin 
pairs were reared apart from infancy, the 
expectancy was of this same magnitude. 
This clearly demonstrates, and such results 
have been confirmed by others, that there 
exists a predisposing genetic factor in the 
face of life’s stresses making for vulner- 
ability leading to the development of schiz- 
ophrenia. Work of geneticists with lower 
organisms has established that the genes 
are templates responsible for the produc- 
tion of the specific enzymes that guide the 
course of cellular metabolism in all the 
cells of the body. This being the case, 
metabolic abnormalities resulting from ab- 
normal gene determined enzyme synthesis, 
might be expected to be reflected in aber- 
rant intermediate metabolites detectable in 
blood, urine, and cerebrospinal fluid, of 
schizophrenic patients in contrast to metab- 
olites in the fluids of nonpsychotic persons. 

An interesting prototype to illustrate this 
point is displayed by the disorder of oligo- 
phrenia or phenylketonuria. Persons suffer- 
ing from this disease are invariably feeble- 
minded. Oligophrenia appears to be due to 
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the defect of one gene inherited recessively 
which causes the lack of a specific enzyine 
needed to convert the aminoacid phenyla|.- 
nine to tyrosine. Because of this enzyme 
deficiency, phenylalanine cannot be con- 
verted to the normal intermediate metalo- 
lite dihydroxyphenylpyruvie acid. As a 
consequence, phenylpyruvie acid is formed 
and excreted in the urine. If urinary tts 
for this substance are aplied to very young 
infants in families suspected of carrying 
the genetic deficit, the condition of olixo- 
phrenia is readily diagnosed. Under such 
circumstances, if the infant receives no 
milk or other foods containing pheny|:la- 
nine but is given instead food with the es- 
sential amino acids but lacking pheny):la- 
nine, the child may develop normally as 
long as the diet is strictly adhered to. In 
oligophrenia we have a direct relation be- 
tween a genetic deficit resulting in a mo- 
lecular lesion as a failure in enzyme for- 
mation with consequent deflections of 
intermediary metabolism resulting in ien- 
tal deficiency. Whatever the genetic de- 
ficiency is in schizophrenia it is probably 
more complicated and may involve a num- 
ber of genes and enzyme systems. Never- 
theless, search for metabolic disturbances 
as reflected in body fluids of schizophrenics 
would appear to be a sound approach for 
detecting what may be important causal 
clues to the disorder, clues which may lead 
ultimately to a rational chemotherapy in 
contrast to the empirical hit or miss, shot- 
gun procedures hitherto employed as thera- 
pies for this disorder. 

It should be pointed out that these con- 
siderations do not necessarily imply a single 
biochemical lesion in schizophrenia, though 
this may be so for oligophrenia. Few if 
any diseases have single causes. Genetic 
vulnerability may be countered therapeu- 
tically as in oligophrenia, diabetes, cardio- 
vascular disorders and many other condi- 
tions in which one finds significant familial 
trends. That such diverse therapies as psy- 
chotherapy, shock, lobotomy and tranquil- 
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izers can affect the schizophrenic process 
in a limited number of patients argues for a 
multiplicity of factors involved in the dis- 
order. But this in no way militates against 
the view that certain critical biochemic 
lesions may be predominant as insidious 
factors leading to psychoses in response to 
life’s stresses. 
‘A search of some interest for biochemical 
defects has involved the investigation of 
the properties of amines, which play a role 
in brain function. Mescaline (8.3.4.5. tri- 
methoxyphenylethylamine) is an amine 
which produces visual hallucinations and 
bizarre psychiatric experiences. It has been 
used by Indians of our Southwest for cen- 
turies to produce mystic experiences in 
connection with their religious rites. The 
structural similarity of this substance to 
the hormone adrenaline led Osmond and 
Smythies in 1952 (16)-and Hoffer, Osmond 
and Smythies in 1954 (12) to suggest that 
a disturbance in the metabolism of adrena- 
line might result in agents capable of pro- 
dueing endogenous psychoses. They note 
that Lindemann in 1935 reported that ad- 
renaline administration exacerbates psy- 
chotic symptoms in some schizophrenic pa- 
tients. Hoffer et al. cited a few cases in 
which persons receiving adrenaline for ther- 
apeutic reasons éxperienced unusual psy- 
chiatric reactions. In normal persons, ad- 
renaline produces a sort of free-floating 
experience of anxiety, during its relatively 
short time of action. Axelrod (5) isolated 
from urine of rats methoxyadrenaline and 
Gaudette and Scott (8) in our laboratory 
using administered C14 labelled adrenaline 
and chromatographic procedures found 3- 
methoxyadrenaline and 3-methoxy 4-hy- 
droxy mandelic acid in urine of rabbits. 
Thus methylation to form mescaline-like 
structures occurs and is now under investi- 
gation in schizophrenic and normal men. 
In vitro oxidation of adrenaline has re- 
sulted in the production of a number of 
relatively unstable products including the 
indoles adrenochrome and _ adrenolutin. 


Hoffer, Osmond and Smythies have re- 
ported from experiments conducted on 
themselves and on their colleagues that 
both adrenochrome (12) and adrenolutin 
(10) produce when intravenously injected, 
psychotomimetic effects in normal persons. 
This work, however, has not been con- 
firmed. These substances do however pro- 
duce bizarre effects on animal behavior. 

Adrenochrome has not been found as an 
intermediate metabolite of adrenaline in 
vivo, but this may not be surprising be- 
cause of its marked instability. It may be 
continually formed and inactivated and as 
an intermediate elude detection especially 
if produced at nerve endings or in highly 
specific loci. There are enzymes present 
capable of metabolizing it. In vitro studies 
have shown that adrenochrome interferes 
with oxidative phosphorylation and with 
the activity of sulfhydryl enzymes in brain 
mitochondria. Abood (1) reports that oxi- 
dation products of amines such as adrena- 
line, tyrosine and dihydroxyphenylalanine 
yield aldehydes and ketones that have 
powerful inhibitory effects on these brain 
enzymes. Thus, adrenochrome in concentra- 
tions of 5 X 10° M has a 50 per cent block- 
ing action on oxidative phosphorylations in 
brain mitochondria. But most of these in- 
termediate metabolites in the body are 
readily destroyed by monoamine oxidase 
in the cells and by a copper-containing 
blood enzyme known as _ ceruloplasmin 
(CLP). 

Leach and Heath (14) have shown that 
schizophrenic serum contains enzymes 
which primarily oxidize added adrenaline 
at a faster rate than occurs in normal se- 
rum, but this effect is nonspecific since 
more rapid adrenaline oxidation occurs in 
serum from cancer cases, normal pregnancy 
cases and from patients suffering from a 
variety of other illnesses. Oxidation of ad- 
renaline is also not specific since a great 
variety of other amines are also oxidized by 
CLP. However, the schizophrenic serum | 
seems to have an unusually high amine de- 
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stroying capacity. Ceruloplasmin is com- 
posed of an a-globulin with a copper pros- 
thetic group and has a molecular weight of 
about 160,000. It contains 96 per cent of 
the copper in the blood. Scheinberger et al. 
(18) have found the CLP content of schizo- 
phrenic plasma to be significantly higher 
than that of normal persons but there is 
much overlap; high values of this enzyme 
are also found in cases of liver disease, 
pregnancies, malignancies and myocardial 
infarction. The rate of oxidation of amines 
by blood is a resultant of the oxidizing po- 
tential of the CLP and the reducing actions 
of blood ascorbic acid and glutathione and 
some other less active reducing agents in 
the plasma. Studies of Akerfeldt (3) on 
the oxidation of N-N dimethylparaphenyl- 
enediamine have indicated that the slower 
oxidation of this substance by normal hu- 
man serum in comparison with the more 
rapid oxidation of serum from schizophrenic 
patients is due to the fact, known for some 
time, that the schizophrenic serum contains 
less ascorbic acid. Heath and Leach, inde- 
pendently, have pointed out that the reduc- 
ing agent glutathione is also low in schizo- 
phrenic blood and this would account in 
part for the accelerated rate of oxidation 
of adrenaline in schizophrenic serum. But 
the effects are not specific since amines are 
oxidized faster also in cases of pregnancies, 
malignancies and other diseases. 
Adrenolutin, claimed by Hoffer and Os- 
mond to be psychosis-inducing, may be 
formed in the course of oxidation of added 
adrenaline by enzymes in the blood, ac- 
cording to experiments of Hoffer and Ken- 
yon (11). They used Heath’s procedure of 
adding adrenaline to the serum of schizo- 
phrenic patients to produce oxidation prod- 
ucts measurable by spectrophotometry. 
Leach and Heath had found that the main 
product formed after this oxidation had 
an absorption peak at a wave length of 
395 mp. Hoffer and Kenyon found that 1 
minute after adding adrenaline to the se- 
rum there was no evidence of any new sub- 
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stance formed, but at the end of 80 minutes 
a product appeared having the same ab- 
sorption peak of 395 my as that reporte:! by 
Heath and Leach. Added adrenochroni af- 
ter 1 minute also gave no evidence of new 
compound formation, but in 80 minutes 
adrenochrome had also formed a subst ince 
with an absorption peak at 395 my. Ad- 
renolutin added to the serum, in 1 minute 
showed this same peak at 395 my wiich 
corresponded to the final oxidation pro: .ucts 
of adrenaline and adrenochrome. After 80 
minutes the peak for adrenolutin had not 
changed suggesting that adrenolutin i< the 
final compound formed by enzyme oxida- 
tion in the blood of adrenaline and al<o of 
adrenochrome. If adrenolutin is thus formed 
but in excess by schizophrenics and if, as 
Hoffer and Osmond claim, it is psyc)iosis- 
inducing, these observations may be ai im- 
portant clue to the nature of schizophrenia. 
However, as far as I know, there are as yet 
no comparative data on adrenolutin for- 
mation from adrenaline between normal 
subjects and schizophrenics. 

In a collaborative study with the Worces- 
ter State Hospital and the Departments of 
Psychiatry and Surgery of the University 
of Chicago and Billings Hospital, we have 
studied effects of total adrenalectomy on 
schizophrenic patients. Eight patients were 
adrenalectomized by Dr. Charles Huggins 
and maintained on cortisone or hydrocorti- 
sone. Four of these patients had cancer of 
the prostate or of the breast in addition to 
their psychoses. This study was undertaken 
seven years ago in relation to possible ab- 
normal steroid hormone production as a 
causal factor in schizophrenia, rather than 
because of any interest we had at that time 
in the metabolites of adrenaline. We were 
unable to relieve the psychoses by this pro- 
cedure. But since the removal of the ad- 
renals also removed most of the source of 
adrenaline itself, one might expect that if 
aberrant adrenaline metabolites are in- 
volved in maintaining the psychosis the pa- 
tients would have improved, but such was 
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not the case. There are other objections that 
may be raised to the role of adrenaline me- 
tabolites in schizophrenia. Thus Elmadjian 
in our laboratory found that both adrena- 
line and noradrenaline are excreted in the 
urine in equal amounts in normal controls 
and in schizophrenic patients. However, 


neither these nor other objections that have 


so far been made have, in my opinion, dis- 
posed of this attractive hypothesis which 
warrants more investigation. 

In the course of their studies, Heath and 
his collaborators (9) concluded that the 
globulin of schizophrenic patients associ- 
ated with the copper in their ceruloplasmin 
might be qualitatively different from that 
of normal persons. It appeared to bind more 
copper and in solution to have certain phys- 
ical properties different from those of the 
globulin fraction extracted from normal se- 
rum. They accordingly isolated this copper- 
free globulin fraction from the blood of 
normals and schizophrenic patients and 
proceeded to inject these preparations into 
nonpsychotic convict subjects who volun- 
teered as guinea pigs for the experiments. 
They have thus injected intravenously into 
the group of volunteers protein fractions 
from schizophrenics 18 times, and fractions 
from controls and various placebos on 11 
occasions. They have reported that in the 
cases of the injection of the protein extract 
from schizophrenics, which they have 
named taraxein, the volunteers often de- 
veloped bizarre and psychotic-like behavior 
beginning a few minutes after injection and 
lasting for an hour or so. They have shown 
striking motion pictures of this behavior 
which is in sharp contrast to persons re- 
ceiving a similar fraction from normal se- 
tum. They have also reported that schizo- 
phrenic patients show abnormalities of 
electrical spiking in the EEG from the sep- 
tal and rostral hippocampal regions and 
that monkeys given taraxein display simi- 
lar spiking which does not occur following 
inttavenous injections of similar protein 
extracts taken from normal serum. How- 
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ever, Eli Robins has been unable to confirm 
these reported psychotomimetic effects of 
taraxein and the control procedures used 
by Heath et al. have been criticized (17). 

Studies of psychotic behavior suffer from 
lack of adequate animal tests and bioassay 
procedures. A number of tests of psychoto- 
mimetic drugs are in use, but none are very 
satisfactory. Winter and Flataker (23) of 
the Merck Research Institute have devel- 
oped a simple behavior test which measures 
confusion induced by drugs in rats. Rats 
are trained to climb a rope from a platform 
near the floor to a platform about 6 feet 
high containing food. Food-deprived rats 
learn to do this after a training period and 
dash up the rope to the food in a few sec- 
onds after they are placed on the lower 
platform. The administration of certain 
drugs will slow up this well-learned behav- 
ior. Thus LSD, a powerful agent that pro- 
duces transient psychotic experiences in 
man, will produce confusion and climb- 
time delay in the trained rat injected with 
0.1 to 0.5 mg./kg. of LSD. The climb-time 
delay builds up to a peak of maximal delay 
in 30 to 60 minutes and then falls off again 
to normal preinjection values in another 
hour. The rat behavior is quantifiable and 
can be used as a bioassay for LSD. The ef- 
fects of LSD have been shown to be an- 
tagonized by serotonin and by its precursor 
5-hydroxytryptophan in this experiment 
while other drugs may enhance or inhibit 
the effects of this and of other psychotomi- 
metic agents. Winter and Flataker (22) 
have reported that 1 cc. of serum from 
schizophrenic patients injected into rats 
causes more delay than the corresponding 
amount of serum from normal controls. 
Their study consisted of comparing serum 
samples from 80 psychotics most of whom 
were schizophrenics, with serum from 47 
normal controls and serum from 36 physi- 
cally ill patients on the climb-time delay 
of the rats. There was no significant dif- 
ference in the climb-time delay from serum 
of normal subjects and physically ill pa- 
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tients but the climb-time delay averaged 
approximately 5-fold greater for rats in- 
jected with serum from the psychotic pa- 
tients. We, in our laboratory (unpub- 
lished), have studied this same phenomenon 
and confirmed the effects of LSD and sero- 
tonin but have been unable to show con- 
sistent differences between serum samples 
from schizophrenics and normal controls. 
This is especially confusing since in an 
initial study involving experiments on the 
rats with serum from 17 schizophrenics and 
10 controls we confirmed Winter’s observa- 
tions. Subsequently, however, using serum 
samples from many more patients and con- 
trols and employing, so far as we know, 
the same procedure, we have been unable 
to confirm either Winter’s results or our 
own preliminary findings. Differences in 
seasonal responsivity of the rats may be a 
possible basis for this discrepancy and the 
work is continuing. Winter’s group have 
fractionated serum from schizophrenic and 
normal subjects and studied the effects of 
the various fractions on climb-time delay 
in their trained rats. Results of this study 
are not yet available. We also are engaged 
in a study of Cohn fractions from schizo- 
phrenics and normals using the Winter rat 
test. The protein fractionations are being 
carried out for us by the Protein Founda- 
tion. Results of these procedures are still 
too preliminary to warrant comment at 
this time. | 

So far we have reviewed evidence for pos- 
sible roles of abnormal adrenaline metabo- 
lites and also for a protein factor which 
may play determinative roles in schizo- 
phrenia. Quite a different approach has ap- 
peared in a recent paper by Mark Altschule 
(4). He has studied effects of aqueous ex- 
tracts of acetone dried beef pineal sub- 
stances on chronic schizophrenic patients. 
Earlier workers have reported such extracts 
to produce transient beneficial clinical im- 
provement but refractoriness to the ex- 
tracts soon developed. Altschule confirmed 
this and found that daily injections cor- 


responding to 1 gram of the powder in 
aqueous solution resulted in clinical im- 
provement in eight chronic schizophrenic 
patients but refractoriness developed in 
about a week of treatment. Accompany ing 
the clinical improvement there was an «le- 
vation in blood glutathione and eosino) \iils, 


. both of which are known to be low in sciiiz- 


ophrenics. Both of these measures fell avain 
with relapse of the improved clinical <tate 
accompanying the development of retrac- 
toriness to the pineal extract. Altschule then 
proceeded to remove protein from hi-~ ex- 
tract and obtained an alkaline protein-iree 
solution which when neutralized was in- 
jected into the patients. This extract was 
as effective as had been, the original onc in 
producing remission of psychotic symptoms 
and elevations in levels of glutathione and 
eosinophils. Repeated injections up to sev- 
eral weeks produced no sign of refractori- 
ness and the improvements lasted for about 
a week after cessation of the injections; 
relapse then occurred first in the levels of 
glutathione and eosinophils with clinical 
deterioration following later. The protein 
could be removed from the solution of 
pineal material by the use of trypsin and 
centrifugation without depleting potency of 
the extracts. This suggested to Altschule 
that enteric-coated, protein-free pineal ex- 
tract may be taken orally and such prepa- 
rations are to be tested. It was not possible 
to continue the injections for longer test 
periods because not enough pineal material 
was available. It takes 1 gram of powder 
for one injection and this requires 15 beef 
pineals. This is a promising lead and cer- 
tainly will be explored further. The nature 
of the active pineal principal is unknown 


‘although Altschule suggests that it may be 


a polypeptide with a molecular weight of 
about 1000. 

Let us now turn to a fourth and still 
different biochemical approach to schizo- 
phrenia, an approach that has stimulated 
interesting work in recent years and which 
deals with the possible role of serotonin 
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(5-hydroxytryptamine) in the brain. Sero- 
tonin. a vasoconstrictor, was discovered a 
decade ag@ by Irvine Page and his collabo- 
ratory in their investigations of hyperten- 
sion. Serotonin is primarily concentrated in 
intestinal tissue and in blood platelets but 
js also present in other tissues including the 
brain. It is normally present in a bound 
form and is rapidly destroyed by mono- 
amine oxidase when the serotonin is free 
in the circulation. Woolley and Shaw in 
1952 were interested in investigating sub- 
stances which might act as antimetabolites 
against the hypertensive action of serotonin 
and be useful to reduce hypertension. They 
tested a number of compounds possessing 
structural similarities to serotonin to ob- 
serve their in vitro effects on smooth muscle 
made to contract by applications of sero- 
tonin. One of the most powerful antime- 
tabolites turned out to be lysergic acid 
diethylamide (LSD) which since its dis- 
covery and synthesis by Hoffman in 1943 
has been known to be remarkably effective 
in minute doses in producing psychotic-like 
experiences in human subjects when taken 
by mouth. Investigations of a number of 
other compounds as antimetabolites to 
serotonin in relation to smooth muscle con- 
tractility turned up other substances pos- 
sessing indole rings as do both serotonin 
and LSD, and like LSD, most of these 
compounds which included medmain, har- 
mine and yohimbine were found when ad- 
ministered to man or animals to produce 
disturbances of the nervous system and to 
have unpleasant side effects. They found 
that the compounds of this group affected 
the mind, producing unpleasant or bizarre 
experiences or even out-and-out seizures in 
animals (24, 25). 

Investigations of Vogt and her collabora- 
tors using bioassays and those of Uden- 
friend et al. using spectrofluorometric pro- 
cedures have demonstrated the presence of 
serotonin in the brain especially in regions 
of the hypothalamus (see Gaddum (7) for 
citations and discussion). Noradrenaline 
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has also been found to be present in the 
brain in these same areas in appreciable 
amounts. In view of all this, Woolley and 
Shaw (25) proposed that LSD may exert 
its psychotomimetic effects by competing 
for serotonin in the brain as an antime- 
tabolite and thus reduce the quantity of 
effective serotonin at critical regions of 
the brain. They also suggested that endoge- 
nous psychoses might result from too little 
brain serotonin. However, they also con- 
sidered the possibility that too much brain 
serotonin might lead to a psychosis. Thus 
they considered that serotonin might be 
rapidly destroyed by monoamine oxidase 
and if LSD were to compete for this enzyme 
for serotonin receptors as an antimetabo- 
lite, in the model psychosis the serotonin 
would be spared and might accumulate in 
excess at critical loci in the brain. 

This hypothesis of Woolley and Shaw 
(25) has received much criticism. Thus 
Gaddum and Vogt (see Gaddum (7) for 
references and discussion) have demon- 
strated that a violent type of rage response 
in cats is produced by LSD injected into 
the lateral ventricle. Serotonin on the other 
hand has the opposite effect. It produces a 
catatonic-like stupor. But brom-LSD, 
which is a potent antimetabolite to seroto- 
nin in its effects on smooth muscle has no 
effect intracisternally in the cats. Cerletti 
and Rothlin also found that brom-LSD 
has no psychotomimetic action in man de- 
spite its almost equal potency in vitro as 
an antimetabolite to serotonin on smooth 
muscle of arteries. It appears to pass 
through blood brain barrier since it causes 
some sedation. Moreover, a number of an- 
tagonists to LSD such as ergometrine and 
dibenamine antagonize the smooth muscle 
effects of LSD but have no mental effects 
at all. On the other hand, Montonari and 
Tonini have reported that LSD-induced 
psychotic states are reversed by adminis- 
tered serotonin, but this effect is not specific 
since it has been established that many sub- 
stances including reserpine, chlorpromazine, 
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Frenquel, niacin, and even aspirin may also 
relieve the. LSD-induced psychosis. We 
have already mentioned that the confu- 
sions of rats induced by LSD and measured 
by their speed of climbing a rope in Win- 
ter’s experiments are antagonized by sero- 
tonin, and Woolley and Shaw (24) have re- 
ported that certain LSD-induced bizarre 
changes in locomotion in mice are overcome 
by the antagonistic action of serotonin in- 
jected into brains of the mice. They have 
further studied effects of LSD and seroto- 
nin on the pulsations of human oligoden- 
droglia cells grown in tissue culture. Sero- 
tonin enhances these contractions and LSD 
antagonizes the serotonin effects. They sug- 
gest that the pulsations of these cells may 
be of importance as stirring mechanisms 
for extravascular fluid in the brain (24). 
# Injected serotonin passes the blood brain 
barrier to only a very small extent. Its 
systemic administration in large amounts 
is not detectable in appreciable amounts 
as increased brain serotonin. That it does 
get into the brain, however, is indicated 
by modifications of the brain electrical ac- 
tivity. Marrazzi and his collaborators (15) 
using cats, and we (19) using rats, have 
found that both LSD and serotonin, this 
latter in doses as little as one microgram, 
together with a number of related com- 
pounds, act to inhibit synaptic conduction 
of the trans-synaptic potential in the optic 
cortex of these animals when under barbi- 
turate anesthesia. We further have found 
marked inhibition (induced by doses as 
small as one microgram) of the electrohy- 
pothalamogram and electrocorticogram in 
rats following injected serotonin. Somewhat 
larger doses of LSD, adrenaline, noradrena- 
line, and adrenochrome all have similar ef- 
fects. But there is no evidence of antagonis- 
tic action between any of these drugs, so 
far as these electrical studies go. 

The main pathway of serotonin metabo- 
lism has been established by Udenfriend 
and his collaborators (21). The amino acid 
tryptophan becomes 5-hydroxytryptophan 


which is decarboxylated to 5-hydroxy 
tryptamine and then for the most part is 
metabolized to 5-hydroxyindole acetic acid, 
Injected into animals 5-hydroxytryptophan 
readily passes the blood brain barrier and 
there is synthesized to serotonin markedly 
increasing the brain’s content of this sub- 
stance. Thus 60 mg./kg. of 5-hydroxy- 
tryptophan injected i.v. into dogs has in- 
creased their brain serotonin 10-fold. 
Animals so treated display behavior not 
unlike that seen following the administra- 
tion of LSD. This is characterized in dogs 
and monkeys by excitement and disturbed 
psychomotor co-ordination. The serotonin 
content of brain can also be reduced since 
vitamin B6 (pyridoxine) is an essential! co- 
enzyme for the activation of the enzyme 
amino acid decarboxylase that forms sero- 
tonin from 5-hydroxytryptophan. Uden- 
friend et al. (21) decreased brain serotonin 
in chicks as much as 60 to 80 per cent by 
feeding them a pyridoxine-deficient diet. 
This was accomplished by a number of 
marked neurologic disturbances but these 
effects may not be specific for serotonin de- 
ficiency since pyridoxine lack in the diet 
also disturbs the metabolism of adrenaline, 
noradrenaline and histamine. 

The question of the possible role of sero- 
tonin in psychoses has had a more direct 
application from collaborative studies, sug- 
gested first by Woolley, with us and with 
investigators at the Worcester State Hospi- 
tal (unpublished). Dr. Woolley furnished 
us with two substances—5-hydroxytrypto- 
phan and 1-benzyl-2,5-dimethylserotonin, 
abbreviated BAS. This latter compound has 
been shown in clinical studies to act as an 
antimetabolite to serotonin and to produce 
some decrease in blood pressure in hyper- 
tensive patients. Unlike some of the other 
antimetabolites to serotonin mentioned 
earlier, it lacks undesirable mental side 
effects. The administration of serotonin 
precursor 5-hydroxytryptophan, while pre- 
sumably penetrating the blood brain bar- 
rier in man as it does in animals and so in- 
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creasing the serotonin content of the brain, 
also elevates intestinal serotonin resulting 
in gastric distress. This limits its use to 
increase brain serotonin in man. BAS on 
the other hand penetrates the blood brain 
barrier little, if at all, and acts as an anti- 
metabolite to prevent the effects of intes- 
tinal serotonin. The administration of these 
compounds together, however, should make 
it possible to elevate brain serotonin in 
man without accompanying intestinal dis- 
tress. Experiments were carried out in 
which daily doses of these substances were 
administered in different amounts. For ex- 
ample, schizophrenic patients were given 
100 mg. of BAS daily by mouth and after 
two weeks 5-hydroxytryptophan was ad- 
ministered i.m. in daily doses of 100 mg. 
In addition two of the patients received 
iproniazid (Marsilid) in 100 mg. doses 
daily during the last two weeks of the 
study. This drug by its inhibition of mono- 
amine oxidase, a serotonin destroying en- 
zyme, should further increase the amount 
of serotonin in the brain. The results of 
these experiments were entirely negative. 
The patients did not show clinical change 
of any sort. The inferred increase in brain 
serotonin by this procedure had no detect- 
able effects on behavior, but the amount of 
brain serotonin increase was of course not 
measurable and may have been small. 
We have described the primary course of 
the metabolism of serotonin. This appears 
to be the normal pathway in the formation 
and destruction of serotonin but a number 
of other metabolic pathways may be avail- 
able and might function, were disturbed 
enzymology to play a role. Thus bufotenine 
is a dimethylated form of serotonin. It is a 
5-hydroxy dimethyltryptamine. This com- 
pound has not been found in normal body 
fluids and has not as yet been adequately 
investigated in schizophrenics. It does, 
however, when administered to normal sub- 
jects, cause psychotic-like disturbances ac- 
cording to Fabing. It also produces LSD- 
like effects in monkeys (6). Were it to be 


formed in strategic loci of the brain in the 
course of metabolism it might produce en- 
dogenous psychoses. Another powerful psy- 
chosis inducing agent in man is dimethyl- 
tryptamine which is bufotenine minus the 
hydroxy group. St. Szara (20) has shown 
this also to be an hallucinogen. 

Since many of the substances we have 
just been considering contain indole rings 
and amine groups it has been of interest to 
study the excretion of indoles in normal 
subjects and schizophrenic patients. We in 
our laboratory and investigators from other 
laboratories have presented evidence that 
there are in fact both qualitative and quan- 
titative differences in indole compounds 
found by paper chromatography in urine 
samples from normal persons and schizo- 
phrenics (2). Work is now under way in 
several places to isolate and delineate 
chemically these different substances in 
hopes that they may indicate the produc- 
tion of endogenous, psychotomimetic 
agents. We and others have found that 5- 
hydroxyindole acetic acid, the principal me- 
tabolite of serotonin is excreted in equal 
amounts by schizophrenics and normal sub- 
jects although the day-to-day variability 
is much greater in the patients. This finding 
does not however, rule out the possibility 
of the aberrant intermediate production of 
metabolites such as bufotenine in the pa- 
tients. Such substances could be active in 
very small concentrations in special sites 
of the brain. Moreover, other pathways of 
indole production not involving serotonin 
at all may play a possible role. 

We have briefly reviewed some biochemi- 
cal investigations of schizophrenia cur- 
rently underway in several laboratories. 
Many other important contributions have 
not been considered here for lack of time. 
There appears to be little connection be- 
tween studies of proteins such as taraxein, 
possible aberrant indole metabolites, and 
effects of pineal extracts on psychotic be- 
havior. It is clear that despite these leads 
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we are still groping pretty much in the the fundamental biochemical lesion or le- 
dark. Which if any of these studies will 
finally contribute to an understanding of 


sions of schizophrenia remains for future 


work to determine. 
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STATISTICAL CONTROL STUDIES IN NEUROLOGY 


IX. Tue Gorpon Sicn 


M. J. MADONICK, M.D? 


In view of the rather meager body of 
data concerning the incidence of the Gordon 
sign, two large groups, one of patients and 
one of healthy people were studied to de- 
termine the frequency and significance of 
this sign. 

Gordon (8) described the sign in 1905; 
he considered it a sign of a motor tract 
disturbance. In a subsequent paper (9) he 
emphasized its value as a sign of irrita- 
tion or early stage of a motor tract lesion. 
Gordon (10) cited two cases as anatomic 
proof of value of the reflex; one, verified by 
autopsy, in which a localized hemorrhagic 
pachymeningitis was found and the other 
case, verified by operation, of a localized 
cerebral trauma. In the technique employed 
by Gordon the patient sits with the feet on 
a stool. “The examiner who is always on 
the outer side of the patient, places the 
thenar and hypothenar on the inner surface 
of the tibia, and with the fingers exercises 
deep pressure on the calf muscles (the pres- 
sure must be deep in order to be trans- 
mitted to the flexor muscles).” If the reflex 
is present, extension of the great toe or all 
the toes will be noted. He called attention 
to its presence in general paresis (11). It 
may be associated with exaggerated reflexes 
but without ankle clonus, Babinski, or Op- 
penheim signs as demonstrated in 4 cases 
all with cerebral lesions (10). 

The only studies regarding the frequency 
of occurrence of the Gordon sign were those 
of Gordon (9) and Elinson(5). Gordon (9) 
examined a series of 150 normal people and 
55 patients with functional nervous dis- 
orders; no Gordon sign was obtained. Elin- 


*From the Neuropsychiatric Service of the 
Morrisania City Hospital, New York. 


son examined 351 subjects; 236 healthy 
people; 165 adults and 71 children. No 
Gordon sign was elicited in the adult group. 
In the 71 children 5 had Gordon signs; 26 
had Babinski signs. Elinson accepted it as 
a pyramidal tract sign; he found it less 
frequently than the Babinski and about as 
often as the Oppenheim. Elinson disagreed 
with Goldflam’s (7) claim that pain is a 
factor in the elicitation of the Gordon sign. 
Goldflam stated that the sign is a strong 
reaction to pain induced during the test. 
Elinson excluded pain as a significant ele- 
ment since the sign could be demonstrated 
in patients with anesthesia. Although Gold- 
flam was of the opinion that the Gordon 
sign could be elicited in normal people, he 
gave no figures as to the number of people 
examined or as to the incidence of the sign. 
Goldflam concluded that the Gordon sign 
is inconstant in the same disease and is of 
no diagnostic value except for its appear- 
ance prior to the hyperesthesia of meningeal 
disorders. Oppenheim (18) stated that the 
Gordon sign was a modification of the 
Babinski sign; its elicitation being obtained 
by stimulation of another zone. Dejerine 
(3) held a similar view. Auerbach (2) in- 
dicated that it is present where Babinski, 
Rossolimo, Mendel-Bechterew signs or clo- 
nus are detectable. It is similar to the Op- 
penheim sign. It is a subcortical sign. Walshe 
(22) wrote that the Gordon sign is no more 
than “the extensor plantar response elicited 
from a different part of its receptive field.” 
Alpers (1) stated “it appears in cortico- 
spinal disease.” Nielsen (17) Wechsler (23) 
Monrad-Krohn, (16) Purves-Stewart, (20) 
Grinker and Bucy (12) all considered the 
Gordon Sign as a pyramidal tract sign. 
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TABLE 1 
Incidence of Gordon sign in 2500 cases with other evidences of lesions in the nervous system 


Sex 


Race | Unilat. 


Bilat. 


Diagnosis 


Other evidences of lesions in the nervous system. 
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Bronchiectasis. 

Bleeding peptic ulcer. 

Acute cholecystitis. 

Arteriosclerotic heart 
disease. 

Cervical stenosis. 

Cancer of uterus. 


Hypertensive heart dis- 


ease. 

Acute glomerular nephri- 
tis. 

Lobar pneumonia. 

Peritonsillar abscess. 

Incomplete abortion. 


Cancer of stomach. 
Rheumatic heart disease. 
Insulin shock. 

Peptic ulcer. 

Luetic heart disease. 
Diabetes mellitus. 


Chronic salpingitis. 
Cancer of mouth. 
Coronary sclerosis. 


Cancer of stomach. 


Hypertensive heart dis- 
ease. 
Acute salpingitis. 


Right Rossolimo 

Left Oppenheim; deep reflexes greater on left 
side; cutaneous abdominals absent. 

Right Oppenheim; bilateral Babinski; cu. 
taneous abdominals absent. 

Bilateral Oppenheim and Schaefer. 


Right Schaefer; defective plantar responses. 

Right Oppenheim; bilateral Babinski; left 
cutaneous abdominals absent. 

Position and vibration impaired in lowers; 
right cutaneous abdominals absen:. 

Left Oppenheim; defective left plantar re- 
sponse. 

Left Oppenheim. 

Right Oppenheim. 

Right Schaefer; right patellar greater than 
left. 

Left Schaefer. 

Left Oppenheim; right Babinski. 

Right Oppenheim. 

Bilateral Oppenheim. 

Left Babinski. 

Left Oppenheim; vibration diminished in 
lowers. 

Bilateral Babinski; left patellar hyperactive; 
right ankle jerk absent. 

Bilateral Oppenheim and Chaddock; left 
Babinski. 

Left Oppenheim. 

Bilateral Oppenheim and Hoffmann; right 
Babinski; right cutaneous abdominals ab- 
sent. 

Right Babinski; left patellar greater than 
right. 

Bilateral Oppenheim and Babinski; cutaneous 
abdominals absent. 


TABLE 2 
Incidence of Gordon sign in 2500 cases without other evidences of nervous system disease 


Sex 


Unilat. 


Bilat. Diagnosis 


2 


Bronchopneumonia. 

Cancer of uterus. 
Hypertensive heart disease. 
Pelvic abscess. 
Hypertensive heart disease. 
Peptic ulcer. 

Rheumatoid arthritis. 
Intestinal obstruction. 
Diabetes mellitus. 

Cancer of colon. 
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THE GORDON SIGN 


Price (19) described a patient with a spinal 
injury in which the Gordon sign appeared 
3 days before the Babinski reflex and in 
which it was the last sign to disappear. Ac- 
cording to Fulton (6) the Gordon sign is 
similar to the Babinski reflex, both being in 
the category of withdrawal responses to 
nociceptive stimuli. DeJong (4) included 
the Gordon, Oppenheim, Schaefer and Chad- 
dock signs as pyramidal tract signs and 
wrote, “it is occasionally possible to elicit 
one or more of these when the Babinski 
sign cannot be obtained.” 


MATERIALS AND METHODS 


Two groups of people were studied. 

Group 1 was composed of 2500 patients 
with non-neurologic diseases admitted to the 
surgical, medical and obstetric wards of the 
Morrisania City Hospital. There were 1695 
females and 805 males. The ratio is greater 
than the ratio of 100.6 females to 100 males 
in the Bronx, according to the census of 1930. 
The greater number of females is probably 
due to the large gynecologic and obstetric 
division in this hospital. Negroes comprise 
1.02 per cent of the population of the county ; 
of the series of 2500 hospital patients, Ne- 
groes constituted 18.6 per cent of those ex- 
amined. The greater number of Negroes in 
the series is most likely due to economic con- 
ditions and the fact that the hospital is a 
city institution. 

Group 2 was composed of 706 inductees, 
all male, between the ages of 21 and 35. In 
the present investigation the technique em- 
ployed in the test was that of Gordon, ex- 
cept that the patient was lying in bed, and 
not sitting in a chair. The feet were slightly 
rotated laterally, since in this position com- 
plete relaxation of the muscles of the leg 
can be obtained. Dorsiflexion of the big toe 
was necessary for the reaction of be con- 
sidered positive. 


RESULTS OF STUDY 


Group 1. Of the 2500 non-neurologic hos- 
pital admissions, 33 had Gordon signs, an 


TABLE 3 
Incidence of the Gordon sign with age 


60 and 
Age group, yr. 40-59 | cae 


Total no. in group 705 325 
No. with Gordon sign 12 14 


x? = 32.55, p< .001 


incidence of 1.32 per cent. Tables 1 and 2 
list the cases of the Gordon sign with other 
signs of lesions within the nervous system 
and without other signs of lesions within 
the nervous system respectively. Thus from 
Table 1, of the 23 patients with Gordon 
signs and with other evidences of nervous 
system disease, 6 had bilateral signs; of 
those with unilateral signs, the Gordon sign 
was present on the right side in 8 and on 
the left side in 9. From Table 2, of the 10 
patients with Gordon signs and without other 
evidences of nervous system disease, the 
sign was present only unilaterally, on the 
right side in 3 and on the left side in 7. The 
incidence of the Gordon sign rises from 0.49 
per cent in the 20 to 39 year age group to 
4.30 per cent in the 60 year and older age 
group. Increase in the frequency of the 
Babinski (21), Hoffmann (13), and Oppen- 
heim (14) signs with age were reported in 
previous studies; however an increase. with 
age was not observed with the Rossolimo 
sign (15). Chi square test, as seen in Table 
3, indicates a statistical significance between 
increase in the incidence of the Gordon sign 
with rise in age. The Gordon sign was pres- 
ent in 0.68 per cent of the Negroes, as com- 
pared to 1.40 per cent of the white patients. 
The difference may be partially explained 
by the greater number of Negroes in the 
younger groups. Of the patients in Group 1 
with the Gordon signs, 69.8 per cent had 
other signs of lesions within the nervous 
system. Thus the presence of a Gordon sign 
is in favor of nervous system disease; it is a 
pyramidal tract sign. 

Group 2. In the inductee group, the Gor- 
don sign was not present in any of the 706 
men. There were 4 Gordon signs in the 781 
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patients between the ages of 21 and 35 of 
Group 1 with an incidence of 0.51 per cent. 


SUMMARY 


1. The incidence of the Gordon sign was 
investigated in two control groups: Group 
1, consisting of 2500 non-neurologic admis- 
sions to a general hospital, and Group 2, of 
706 inductees between the ages of 21 and 35. 

2. The incidence of this sign was 1.32 per 
cent in the 2500 non-neurologi¢ admissions 
of Group 1. It was not present in any of the 
inductees of Group 2. It was present in 0.51 
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per cent of the patients between the agex of 
21 and 35 of Group 1. 

3. The Gordon sign increases in freque:y 
with rise in age. 

4. Race is not a factor. 

5. Since it occurred with other sign- of 
lesions within the nervous system in (\').8 
per cent of the 33 patients who had the -ien 
in the non-neurologic admissions, the p\:-s- 
ence of the Gordon sign is in favor of disc: se 
of the nervous system, the involvement bh: ‘ng 
either interference with the function or .:c- 
tual lesion of the pyramidal tract. 
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It should be the function of a scientific journal to reserve space from time to 
time for the presentation of original theoretical formulations. To be worthwhile 
a purely theoretical development should be creative at a level of considerable 
sophistication. It should introduce concepts that can be put to experimental 
test; it should stimulate the curiosity of other investigators. William Greene’s 
inquiry into the physiologic interaction of mother and child is such a contribu- 
tion. This is a fresh and original exploration that bears on a number of fields, 
and does not fit readily into any fixed discipline. Its impact will surely be 
controversial. We should be much interested in the appraisals of our readers 


and their reactions. 
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I. CONSIDERATION OF RETROSPECTIVE 
OBSERVATION 


Psychoanalytic technique and theory, as 
developed during the past six decades from 
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processes. Even so, traditional psychoana- 
lytic techniques of retrospective observation 
and reconstruction present limitations in 
comprehending very early phases of human 
development and there is increasing agree- 
ment that further progress in understanding 
early infantile development must be made 
through direct observation and considera- 
tion of the experience of the infant himself 
(66, 90). 

Current psychoanalytic theory suggests 
that the traditional Freudian duality of 
early psychic structure with a primary Id 
and developing Ego is difficult to demarcate 
at earlier and earlier stages of development 
and is now conceptualized as a duality de- 
veloping out of a single undifferentiated 
state (56). The term, undifferentiated, is 
variously used and understood. As origi- 
nally formulated by Hartmann (55) this 
implies a state in which the Ego is not dif- 
ferentiated from the Id and the Id is not 
differentiated as such and does not exist 
any more than does the Ego. The term 
undifferentiated state is at times used with 
the inference of a lack of integration, no 
regulation, and general chaos. This inference 
is understandable since in psychoanalytic 
theory the Ego is the key integrating and 
regulating structure of the mental appara- 
tus and no Ego means no integration, no 
regulation. However, Hartmann with his ex- 
tensive, but astute and critical, conceptuali- 
zation points out there must be more pri- 
mary biologic autonomous attributes for 
control and adjustment. 

Similarly, current psychoanalytic theory 
suggests that the traditional Freudian du- 
ality of libido and aggression, when ob- 
served and conceived at earlier and earlier 
stages of infant development, is not so dis- 
cernible as a duality; but may be fused as 
one instinct or an undifferentiated instinct 
(94). This assumption of an undifferentia- 
ted monistic instinctual concept appears 
to be based partly on the inability to trace 
evidence of the above duality with psycho- 


analytic constructs and techniques during 
early infantile stages. 

Another duality in traditional psycho- 
analytic theory has been the Ego and 
reality or Ego and environment, perliaps 
Ego and object. This duality has currently 
metamorphosed into self and Ego and ob- 
ject (56). These psychoanalytic constricts 
constitute the most useful bases for un:der- 
standing object relationships. Howvver, 
throughout the evolution of psychoanaivtic 
theory, the assumption has persisted tat, 
while there develops a differentiation be- 
tween Ego and object or self and objec’. no 
such duality exists in early infantile or 
neonate experience. Rather it is assumed 
that there is an undifferentiated phase in 
which to the neonate the so called environ- 
ment, or objects, or part objects are part of 
the self. 

It appears that here may be an impasse 
something like that of an investigator who 
spends years studying and defining the 
visual apparatus, its perceptive, differen- 
tiating, integrating, and synthetic functions, 
not only at one stage of development but at 
all stages, and who then discovers that there 
is a stage of development when visual func- 
tion does not transpire. He might conclude 
that prior to this point the organism must 
be a scattered, unregulated, chaotic mess, 
with no kind of perceptive function. Perhaps 
he would conclude that there is a stage in 
the development of the organism when the 
visual apparatus, so well understood and ex- 
plained by himself, is neither developed or 
needed. He might then reexamine his ob- 
servation, description and interpretation of 
the visual apparatus and further determine 
their usefulness. Again he might decide to 
study other systems, the endocrine glands, 
the vascular system, or the gastrointestinal 
tract, but approached as “inner eyes” to be 
appraised with the techniques, language, 
and constructs of optical physics. 

It is chiefly to the premise that there are 
no objects to the very young or newborn 
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infant that this inquiry is directed. It is my 
premise that there is perception of a kind of 
object by the newborn and in addition what 
perhaps may be termed an object or objects 
during prenatal development. For the pur- 
poses of understanding the processes to be 
exainined in this paper an object will be 
considered in terms of that which can be 
“perceived” by the developing organism via 
some biochemical or physiologic level of 
organization and such processes may be 
viewed as object relationships. Questions of 
when or how such objects or object relation- 
ships acquire affective components and/or 
psychic representations will not be con- 
sidered even though these qualities are of 
significance in object relationships and con- 
stitute the main elements considered in psy- 
choanalytic concepts. As pointed out by 
Spitz the stage of the developing human 
organism up to three months appears to be 
more biologically than psychologically un- 
derstandable (90). Psychoanalysis has con- 
cerned itself mainly with the psychologic 
aspects of object relationships. I will be 
more concerned with the biologic aspects. 
Psychoanalytic theories have been de- 
veloped by retrospective synthesis from re- 
constructive data observed in adults and 
from data of direct observation of children 
and infants. These bases of investigation 
have led to the several undifferentiated as- 
pects mentioned, including the premise that 
there is no differentiation of an environ- 
ment or object to the newborn. Perhaps this 
later assumption stems mainly from the ad- 
monition of Freud that “We must not forget 
that during its intra-uterine life the mother 
was not an object for the fetus and that at 
that time there were no objects at all as far 
as it was concerned” (40). This may be the 
only inference possible from retrospective 
observation. When one looks a mile back 
down the railroad tracks the tracks ob- 
viously fuse and there is no differentiation. 
But is one walks back a mile and looks 


227 


more closely, this may not prove to be the 
case. 


II. THE UMBILICAL OR VASCULAR STAGE 
OF DEVELOPMENT 


Study of a group of patients with leu- 
kemia or lymphoma has indicated that these 
patients develop the manifest disease in a 
setting of emotional distress, chiefly de- 
pression incident to the loss of some key 
object or goal for the individual (51, 52). 
From these findings and continued study of 
these patients, men, women, children and 
their mothers, and one case of congenital 
leukemia, I was faced with the question of 
how to comprehend, much less explain, the 
occurrence of disease at the reticuloendo- 
thelial or vascular level of organization 
in association with and apparently precipi- 
tated by a disturbance in interpersonal re- 
lations, usually the loss of the mother or a 
mother figure. In solution of this dilemma I 
jumped to the premise that during much of 
fetal life the vascular system of the fetus 
is “outside” to the fetus; that this is the 
environment to the fetus comparable per- 
haps to the gastrointestinal tract at a later, 
postnatal period of development of the or- 
ganism (53, 54). From these premises I sug- 
gested considering an umbilical stage of 
development in comprehending certain psy- 
chosomatic phenomena, comparable to the 
traditional oral, anal, phallic stages which 
are the traditional sets for perception and 
interpretation of many types of psycho- 
physiologic disease. I also suggested that 
the boundary of interaction of each level of 
organization constitutes the environment of 
that level of organization and each such 
boundary of interaction has been at a stage 
of growth, the external environment to the 
then whole organism. This means that a 
boundary, an environment, and a level of 
organization may be morphologically the 
same but varying in function with time and 
frame of reference. As a boundary becomes 
an environment and in turn becomes a level 
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of organization, growth and development 
proceed. 


THE VASCULAR ENVIRONMENT 


I wish now to take up again this train of 
thought, to elucidate it more fully, and then 
to use this as a basis for prospective, not 
retrospective, conceptualization regarding 
the environmental or object world of the 
developing, growing, fetal organism. This 
will involve speculation and pondering, not 
only what it is like to be a baby which has 
been done at length from retrospective ma- 
terial from adults and from observation of 
babies, but even what it may be like to be 
an even younger baby, a fetus. While any 
provable idea of this may be impossible of 
attainment, from certain known facts, proc- 
esses, and events, inferences of what it is 
like to be a fetus may be arrived at with a 
degree of accuracy which will be fruitful. 

First it is considered that the environ- 
ment during most of fetal life is the fetal 
vascular system together with the umbilical 
and fetal-maternal placental system. Varia- 
tions in the attributes of this system, con- 
stituting actually two boundaries, and two 
environments provide both the nutritive 
and eliminative needs of the organism. We 
will consider only oxygen, water, carbon 
dioxide and glucose to avoid questions of 
what does and does not pass the placental 
barrier. I propose that these compounds or 
their concentrations, or combinations of 
their concentrations are a kind of object for 
the developing organism at one stage of de- 
velopment. A precendent for this applica- 
tion of the term “object” is Kubie’s use of 
the term “chemical object” in his evaluation 
of the concept of instincts although he does 
not consider prenatal stages (67). The fetal 
organism must relate in various interreac- 
tions? with these kinds of objects. Work on 

*The term interreaction is here used to de- 
scribe a kind of relationship within and of organ- 
isms. It is a term used in place of the traditional 
term interaction which may connote either “be- 


tween” and “in between” or “mutually” and 
“reciprocally” (21). However, interaction connot- 


the part of the organism to maintain s:tis- 
factory relations with these kinds of ob- 
jects is necessary. Fetal needs are not in- 
evitably satisfied even though they may be 


ing a mutual, reciprocal, open system relation has 
been employed as a frame of reference in obser- 
vation, thinking and conceptualization for years 
by some investigators (10, 57). This approach 
to the study of biologic systems is closely akin 
or the same as the currently popular transactional 
approach. However, I refrain from using the term 
transaction as much as interaction since irans- 
action also is very nebulously used in current 
thinking and writing, particularly in relation to 
problems of psychosomatic phenomena. Trans- 
action may be appropriately used in the s:cond 
sense of interaction noted above. However, it is 
too often employed as a means to relate phe- 
nomena as though use of this term or perspective 
makes phenomena relate, without in any way in- 
dicating the quantitative or qualitative aspects of 
the relationship. Thus Dewey and Bentley (22) 
state in reference to transaction, “Our assertion is 
the right to see in union what it becomes im- 
portant to see in union; together with the right 
to see in separation what it is important to see 
in separation—each in its own time and place; 
and it is this right, when we judge that we re- 
quire it for our own needs, for which we find 
strong support in the recent history of physics.” 
This sounds like a highly self actional approach. 
Our own needs may require that we judge what 
is or will become important to see in union or in 
separation. 

In some investigative parlance the multicaus- 
ality of a decade ago inferring that things are 
rough all over, has been replaced by transaction 
inferring that everything is really just fine and 
all goes together nicely. At times it almost seems 
that transaction is invested with the significance 
of a vital force. For a while longer transaction 
should be left with the physicists. 

Interreaction connotes a biologic situation where 
there is a definable point of reference A from 
which there is a definable reaction a’ and a de- 
finable point of reference B from which there is 
a reaction b’. The determinants of reaction a’ 
at A may or may not be apparent or demonstrable. 
Similarly the determinants of the reaction b’ at B 
may or may not be apparent or demonstrable. 
This means that observed situation A is considered 
an open system and observed situation B is con- 
sidered an open system. Now if A and B are 
viewed together, a’ and b’ must be viewed to- 
gether. But a’ may not be an appreciable de- 
terminant of b’ or vice versa. Only if it can be 
assumed or perferably demonstrated that there is 
a statistically significant relation between a’ and b’ 
do we label Aa’ b’B an interreaction. This perhaps 
too rigid definition is made with the awareness that 
interreactions may be of widely different orders 
varying from very close to far distant. 
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relatively simply fulfilled, and even though 
the mother’s homeostatic mechanisms pro- 
vide a fairly stable environment of the type 
needed. However, the amount of oxygen, 
water and glucose obtained by the fetus 
during any given time and the amount of 
carbon dioxide expelled is not entirely de- 
termined by the mother and passive physio- 
chemical diffusion processes. Rather vari- 
ations in the amount of oxygen acquired 
and the amount of carbon dioxide expelled, 
both in the fetal vascular system and at the 
placental barrier, in any unit of time is 
determined by the rate of fetal blood flow. 
As shown recently by Reynolds the main 
factor determining fetal placental blood 
flow is the fetal cardiac output (81). As he 
says, “What more effective arrangement 
could Nature devise than that the fetal 
heart provide for its own welfare.” 

This perspective is contrary to the general 
assumption that via the placenta the mother 
takes care of all the fetal needs, without 
effort on the part of the fetus. The same 
general assumption usually has been made 
that the organism much later in “physio- 
logic time” (75) has all of its nutritional 
needs provided without effort or control on 
the part of the newborn baby. However, 
the rate or amount of milk consumed in a 
given time is determined to an appreciable 
degree by the baby. This is so whether the 
baby is on so called demand or scheduled 
feeding. Balint stressed nearly 20 years ago 
that contrary to common parlance, the child 
is not suckled, it sucks actively (8). As 
stated by Escalona (30)* in her paper re- 
plete with perceptive inferences made from 


*Throughout this paper I shall repeatedly rely 
on this significant contribution by Escalona. Her 
contribution is significant because she presents a 
“conglomeration of impressions, thoughts and 
fantasies” derived from many hours of observing 
babies and their mothers and from talking with 
their mothers. In return I would hope that some 
of the material, thoughts and fantasies presented 
here may make her many perceptive inferences 
more explainable and less conjectural. 
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observation of many baby-mother* rela- 
tionships: 

“Active cooperation is required of him 
so that a smooth feeding constitutes the 
earliest mutual (instead of one sided) 
adaptation between mother and infant. You 
can put him to breast but you can’t make 
him swallow. This is an interesting sup- 
plement to the phychoanalytic idea that 
feeding is the ultimate in receiving and ab- 
sorbing without having to pay for it, so to 
speak...I do not consider it impossible 
that the importance which breast feeding 
can have in the developing mother-child 
relationship is anchored in the fact that 
breast feeding requires mutual interaction 
of a delicate kind, mediated by bodily proc- 
esses in both mother and child.” 

Escalona’s last statement with reference 
to breast feeding is important. I would in 
addition ascribe these attributes to the vas- 
cular relationship; that this too constitutes 
an interaction or mutual interaction of a 
delicate kind mediated by bodily processes 
in both fetus and mother. One of the theses 
to be developed in this paper is that breast 
feeding is not the earliest mutual adapta- 
tion between child and mother. 

This view of the fetal-maternal rela- 


‘TI here use the term baby-mother relationship 
in contrast to the usual term mother-child or 
mother-baby relationship. Many studies, retrospec- 
tive and direct, of what it is like to be a baby 
indicate the necessity of examining the baby- 
mother relationship as a mutual. relationship. 
However, even though we say this is our perspec- 
tive, this mutual, reciprocal, hyphenated expression 
in relation to observation of the neonate usually 
comes out as mother-child or perhaps mother- 
baby. I point out that the neonate is a baby not a 
child. My main point is that this relationship is 
never expressed as baby-mother or child-mother 
even though we say we are attempting to surmise 
what it is like to be a baby. This does not seem 
or sound right. Even more strange may be what 
I am attempting to examine here, namely the 
fetus-mother relationshin. I became aware of the 
“direction” of such relationship terms some years 
ago in considering the doctor-patient relationship. 
We say this is a mutual, reciprocal affair but the 
expression patient-doctor relationship does not 
sound right. It would seem that for most of us the 
mother and the doctor have to come first. 


is- 
b- 
in- 
be 
has 
ser- 
ars 
ach 
kin 
ynal 
erm 
ans- 
rent 
1 to 
ans- 
‘ond 
it is 
phe- 
‘tive 
, in- 
's of 
(22) 
is 
im- 
right 
) see 
lace; 
e 
find 
sies.” 
oach, 
what 
or in 
icaus- 


230 


tionship as mutual was expressed more nu- 
merically by Barcroft with respect to the 
fetal lamb when he said, “On the 20th day, 
the mother in effect says to each fetus, ‘Here 
is 2 ce. of blood a minute or 0.4 cc. of 
oxygen from now till you are born; take it 
or leave it.’” (12). 

As previously proposed then, I suggest 
that the environment to the fetus during 
the later months of fetal development is the 
fetal vascular umbilical system. It is via 
this environment, relatively stable and suit- 
able, that the satisfaction of whatever is 
hunger, in the sense of food hunger and 
oxygen hunger at that stage, and the elimi- 
nation of metabolic products such as carbon 
dioxide, and the response to noxious agents 
such as toxins or infectious agents, must 
transpire. All this I assume to take its 
course with some direction on the part of 
the fetus. This concept has proved useful 
in comprehending, even though not explain- 
ing, the apparent occurrence of leukemia in 
a setiting of separation and depression. This 
for me replaced the traditional premise that 
the fetus experiences an environment which 
is all giving, quiet, dark, cozy, stimulus free, 
a Nirvana devoid of objects, good or bad, 
and free from toil. 

Even so I had continued to assume that 
this traditional picture applied to the ap- 
parent surface boundary of the fetus and 
this is what is usually viewed as the environ- 
ment of the fetus since this is where the 
environment, the outside world, is in the 
child and the adult. These conjectures get 
into problems of “inside” and “outside” 
which is so confusing in problems both of 
psychogenesis and embryogenesis, and I be- 
came involved in this ambiguity in my 
previous paper. I would now prefer, for 
purposes of simplification and perhaps in- 
creased accuracy, to consider these matters 
as depicted in Figure 1. This represents 
simply the general fetal configuration with 
a surface S and a simplified vascular system 
V beginning and ending via the umbilical 
vessels in the placenta. Another reference is 


point A, a polar orientation, labeled the self 
of or to the fetus, borrowing perhaps irre- 
sponsibly Hartmann’s (55) term. I con-ider 
that even for the morula or blastomere ‘ hiere 
is some orientation with the connotaticn of 
self. But here our base for prospective con- 
sideration is much later in ontogeneti: de- 
velopment. To avoid matters of “inside” and 
“outside,” I then designate for the ‘ctus 
point A as here, any point V as ther: and 
any point S as over there. This may help 
to avoid or postpone the quandary ani the 
wrangle as to what is “inside” and “out -ide” 
of and to the fetus, the mother, the obsc iver, 
the author and also the reader. We will 
now be attempting to consider and imugine 
an environment from the point of view of 
the fetus. Whatever this may be it is not 
an environment in any traditional sense of 
the environment as outside world. This per- 
spective may well deal too simply in a 
peripheral dimension with reference to point 
A. We do not conceptualize in terms of cen- 
trifugal and centripetal, but only with more 
or less centrifugal. Like inside and outside, 
centrifugal and centripetal may be a func- 
tion of the observer. Perhaps most impor- 
tant, there is no room here for the concept 
of primary narcissism but only more or less 
narcissistic if one is so inclined. The validity 
of the hypothesis and cushion of primary 
narcissism has been most adequately dis- 
posed of years ago by Balint (8) where he 
points out the negative, objectless, nonviable 
attributes which this concept presupposes 
and requires. 


THE SURFACE BOUNDARY 


Now to consider the question of what is 
the perception, if any, at the surface bound- 
ary to the fetus, and in particular is this 
the consistent, quiet, stimulus free boundary 
usually assumed. I suggest not. Rather I 
assume that the surface boundary is exposed 
to the perpetual, recurrent vibrations, pres- 
sures, sounds provided by the mother’s vas- 
cular pulses, emanating chiefly from the 
uterine blood vessels, the aorta and perhaps 
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‘Fic. 1. Vascular environment and surface boundary of fetus. 


other abdominal blood vessels. Second, I 
assume that the surface boundary is ex- 
posed to rhythmic pressures incident to the 
mother’s respiratory movements and to a 
less constant degree, incident to the mother’s 
walking. More conjectural is the suggestion 
that the surface boundary may be exposed 
to vibrations, perhaps considered as sounds, 
occurring during vocal behavior including 
talking and singing on the part of the 
mother. 

What is the basis for assuming that the 
fetal surface may be exposed, whether or 
not there is perception, to such vibrations? 
Long before the development of some of the 
more modern instruments for augmenting 


clinical and research observation, such as 
the stethoscope, it was known that the chest 
and abdomen are filled with rhythmic 
noises. Experience with these by direct aus- 
cultation, by the perceptive observer, could 
impart considerable diagnostic and predic- 
tive information. . 

Assuming that there are such pressures, 
sounds, and vibrations within the abdomi- 
nal cavity, this does not mean that they are 
transmitted to the fetal surface. It would 
be assumed that they are not transmitted 
in view of the usual premise that the fetus 
is shielded from a variety of “external” 
stimuli by the water cushion of amniotic 
fluid. However, this water barrier may 


231 
8 over there 
s 
there 
A 
there 
over there S : 
there 
there 
3 
indary 
ther I 
xposed 
3, pres- 
vas- 
ym_ the 


232 GREENE 


dampen some kinds of sounds and vibra- 
tions while facilitating others. The fact 
that the obstetrician can hear the fetal heart 
beat, albeit with a stethoscope, through 
the fetal body surface, the amniotic water 
barrier, the uterine wall, and the abdominal 
wall of the mother strongly suggests that 
the relatively loud sounds, incident to the 
maternal uterine or aortic puisations are 
transmitted to the fetal surface. Expecting 
that this premise may be questioned for 
a variety of reasons, I would point out that 
it has been readily considered that sounds, 
originating much more peripherally and 
beyond the mother’s abdominal wall, in- 
duced by patting, buzzers, clapping, bells, 
applause, music, or washing machines, are 
associated with movements on the part of 
the fetus; that these more peripheral and 
shielded sounds are assumed to pass to the 
fetus with stimulation and response (88, 
89). 

I suggest the possibility that the maternal 
vascular pulsations may provide a rhythmic 
noise barrier protecting the fetus from these 
isolated extraneous stimuli during antenatal 
life. Moreover this proposal of perpetual, 
rhythmic, stimuli may be an important 
consideration in interpretation of all opera- 
tive studies of fetuses. This may bring in 
another artifact in experimental procedure 
making debatable the validity of interpre- 
tation and extrapolation of stimulus and 
response observations on delivered fetuses 
to the natural intrauterine fetal state. This 
may be another factor to control in addition 
to those repeatedly emphasized by Windle 
(99), namely oxygen saturation and tem- 
perature of the fetus.® 

* Windle (100) points out, “The relative qui- 
esence of the normal fetus in utero is somewhat 
surprising when one considers all the activities of 
which the growing specimen is capable when re- 
moved from the uterus. The reason seems to be 
at least twofold: lack of adequate stimulation and 
high thresholds in the fetal central nervous sys- 
tem. The fetus is adequately nourished and 
warmed in a medium lacking practically all the 


stimulating influences of the environment with 
which it will have to cope later on. No signifi- 


Now even though the premise is valid 
that there are vibrations, noises, pressures 
within the mother’s abdomen and even 
though it can be construed that these are 
transmitted to the fetal surface, this does 
not mean that these vibrations are perc: ived 
over any appreciable period of time, if at 
all, prenatally. However, it seems unlikely 
that before birth the fetus would not per- 
ceive vibrations or pressures of the intensity 
and quality, which we here suppose to exist 
in the intrauterine state, in view 0! the 
surface stimuli which it apparently per- 
ceives with response shortly after birt!:. In 
addition perception of a variety of skin 
stimuli by premature babies (23, 58) indi- 
cates the likelihood that the maternal vas- 
cular pulses may well be perceived by the 
fetus for some time before birth even though 
there may not be perception of a single 
pulsation but only of a variation in a re- 
petitive stimulus. 

Further substantiation of this assumption 
is given by the study of tactile stimulation 
and response in early and late fetal life 
by Hooker, (61) Windle, (99) and others. 
While the sequence of development of sen- 
sory or motor activity in the fetus is of 
great importance, as is the sequence of 
types and localities of perception, such ques- 
tions are not germane to the theses being 
considered in this paper. These matters have 
been extensively summarized by Carmichael 
(18). This whole problem of fetal stimula- 
tion and response has been lucidly and 
critically considered by Greenacre (49). 
She views the fetal experience largely as 
the prodrome for her main focus of interest, 


cant excitation of the external receptors occurs.” 
I am suggesting that there is a kind of repetitive 
stimulation of some types of external receptors of 
the fetus. Windle’s point then may be like saying 
the relative quiescence of a normal sleeping baby 
rocking in a cradle is surprising when one considers 
all the activities of which the growing baby is 
capable and usually manifests on removal from the 
rocking cradle. The quiescence of the baby may be 
due to both a lack of some kinds of extraneous 
stimuli and the presence of a certain kind ot 
familiar rhythmic stimulation. 
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the significance of the birth process itself. 
Greenacre’s main interest in fetal experience 
centers around the changing pattern of 
sensori-motor organization. In relation to 
this she infers some import in pressure 
stimuli on the fetus incident to the mother’s 
change in position or motor activity. 

The only paper which has come to my 
attention suggesting a role of maternal vas- 
cular pulsations as stimuli is an interesting 
paper by Lourie on infant and childhood 
thythmic behavior (70). In this report he 
considers regression to a uterine state and 
notes the rhythmic movement of the preg- 
nant uterus incident perhaps to aortic pulsa- 
tion. Other than this I am aware of no 
consideration of a fetal surface exposed to 
the kinds of stimuli suggested here, in spite 
of the study and interest in fetal behavior 
both by embryologists and psychologists. 
Lack of apparent response does not neces- 
sarily indicate lack of perception of the 
stimuli proposed. These stimuli would be 
recurrent fairly regular in rate and intensity 
and there may operate the phenomenon of 
adaptation, “failure in the exciting effect 
of a constant stimulus” (1). A change in 
rate or intensity of these repetitive stimuli 
may be what evokes a response rather than 
a single pulse beat or pressure or noise. 

This is the first hypothesis which I wish 
to propose in this paper. Namely that during 
fetal life the developing organism is exposed 
to and perceives various rhythmic vibra- 
tions incident to maternal physiologic proc- 
esses, chiefly the mother’s vascular pul- 
sations and respiratory movements. This 
may mean that the developing fetal organ- 
ism becomes increasingly aware of being 
surrounded by a boundary from which re- 
petitive vibratory stimuli eminate. This 
may be considered a kind of object during 
later fetal growth in the sense that aware- 
hess of what may be called an object in any 
system or at any level of organization pre- 
supposes some perception of its presence or 
absence. If it is permissible to assume that 
the maternal physiologic activities afford 
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a kind of object at the fetal surface during 
prenatal development, this means assuming 
that there is a second kind of object per- 
ceived by the fetus in addition to those 
already described for the vascular environ- 
ment. Further, if this is tenable, I would 
assume that these kinds of objects are very 
different to the fetus considering the great 
difference in the quality of object at the 
two sites, and also the difference in mode 
of perception, the one being biochemical 
and the other neural. There are further 
differences. The relation between fetus and 
mother at the vascular boundary is bio- 
chemical on both sides. The relation at the 
surface is vascular or motor on the part of 
the mother but neural on the part of the 
fetus. Perhaps the major difference is the 
fact that the relation at the vascular envi- 
ronment is an interreaction, involving mu- 
tual participation on the part of the mother 
and of the fetus. On the other hand the 
relation at the surface boundary is a very 
low order interreaction and may not be an 
interreaction at all according to our defini- 
tion. The character of the relation at the 
surface is not mutual but involves a re- 
action manifested by the mother, her phys- 
iologic vibrations, and only the reception 
of a perception on the part of the fetus. 
While some reaction, such as a hormonal 
response, on the part of the fetus may con- 
ceiviably, vary indirectly and slowly effect 
the mother’s physiologic activities, any 
significant, perpetual effective means is not 
apparent to me. This supposes that the 
quality of the relation between fetus and 
mother at the fetal surface is different and 
may be unique compared to the quality 
of both the relationship at the vascular 
environment of the fetus and the later 
mutual relationships which have been dem- 
onstrated for a number of modes of baby- 
mother relationship postnatally. Whereas 
the fetal-maternal relationship is mutual 
and interreacting, both at the vascular en- 
vironment and postnatally, it is predomi- 
nately, if not exclusively, a mother to fetus 
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relationship that we are considering at the 
fetal surface. I am struck by the parallel 
between the differences that I am trying 
to describe here, and the difference that 
Escalona (31) ascribes to communication 
and contagion as follow: 

“Mothers, and all other sensible people, 
know that feelings, purposes, intentions are 
communicated to and by babies long before 
speech or specific gesture play a role. How 
something is transmitted from the mother 
to the baby, and vice versa has been subject 
to much speculation, to which I shall add 
just a, little. In discussing instances of 
social interaction, and the possible role they 
play in stabilizing and coloring the baby’s 
world, it may be useful to distinguish be- 
tween two kinds of transmission between 
the participants. The one I shall call con- 
tagion the other communication. Both may 
be one sided, so that one participant re- 
ceives, for instance, a feeling of reassurance 
but the other does not. Or they may be 
mutual so that something flows from mother 
to baby and back again. The difference is 
something like that between listening to the 
radio and talking on the telephone.” 


CHARACTERISTICS OF THE MATERNAL PHYSIO- 
LOGIC ACTIVITIES AS AN OBJECT 


I have proposed that the vibrations, pul- 
sations, pressures incident to the mother’s 
physiologic activities, chiefly vascular and 
pulmonary, represent a kind of object, 
during the later stages of fetal experience. 
If this premise is valid, then it is pertinent 
to note certain characteristics of this type 
of object, an object which is repetitively 
perceived. However, this object is not a 
perception which can be realized by the 
fetus, in the sense that some reaction on 
the part of the fetus will modify, or make 
appear or disappear this kind of object. 
However, the persistent, consistent, repeti- 
tive quality of the object makes realiza- 
tion in a sense unnecessary. The object in 
the sense of a single vibration, pressure, or 
sound incident to a single vascular systole 
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recurs with a high degree of consistency 2nd 
one might say confidence. The recurrence in 
any brief unit of time is consistent, for wliile 
the maternal vascular pulse may range from 
50 to 120 beats per minute, any such change 


. does not occur abruptly, but only in a grad- 


ual fashion. This may be considered as a 
perception which is present, disappears «nd 
reappears perpetually without requiring ::ny 
effort on the part of the organism. I: a 
sense this has the attributes of the jro- 
verbial ideal object. I assume that thi- is 
an object in that the fetus has awareuess 
of it and an awareness of it as not par: of 
itself, as over there compared to there or 
there compared to here. However, in some 
attributes this is not an object in that it is 
not realizable by the fetus, and it is not an 
object in constituting a pole in an interreac- 
tion. Perhaps it should only be described 
as an ideal quality of a perception. 


CHARACTERISTICS OF THE MATERNAL PHYSIO- 
LOGIC ACTIVITIES AS A CHANGING OBJECT 
RELATION 


What I am postulating as the surface 
perception to the fetus may be represented 
in its variety as another simple diagram, 
Figure 2. Here the mother’s various physio- 
logic rhythms mentioned are depicted from 
bottom to top in terms of increasing fre- 
quency of rates which means increasing 
rate of reappearance or reperception of what 
I term the object at this surface. While 
walking, and possible vocal sounds are de- 
picted, we will be mainly concerned with 
vascular and respiratory rhythms. I as- 
sume that there would be a usual range of 
rates. This range is approximated in the 
area demarcated by the lines D and S. It 
is assumed that there are rates of recur- 
rence at times faster and at times slower 
than the ranges included within DS. This 
diagram shows pictorially that while there 
may be appreciable difference between re- 
currence rates at the top and bottom of the 
diagram, there is very little difference in 
any two adjacent frequencies depicted. I 
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intend in another context, in relation to 
separition, to consider the time-space prob- 
lem indicated in this diagram, now only 
pointing out that while awareness of time 
may be learned through awareness of dis- 
tance. time, as rate of recurrence of a per- 
ception, and distance have an equivalence. 
Freud has said, “We have no way of 
conveying knowledge of a complicated set 
of simultaneous processes except by de- 
seribing them successively ; and thus it hap- 
pens that all our accounts err in the first 
instance in the direction of one sided simpli- 
fication and must wait till they can be sup- 
plemented, reconstructed and set to right” 
(42). With this I agree. However, the 
hazards of over-simplification and only 
close approximation perhaps may be com- 
pensated for by insight gained from at- 
tempting to consider complicated processes 
simultaneously. Eventually, it may prove 
profitable to look for possible correlations 
between changes at the vascular environ- 
ment of the fetus and variations in the per- 
ception at the fetal surface provided by 
alterations in the maternal physiologic ac- 
tivities. Even so, at the present time neither 
the placental exchanges nor their variations 
with the mother’s cardiovascular adjust- 
ments are clearly enough elucidated. Such 
data may become available as techniques of 
examining uterine, placental, and fetal vas- 
cular physiology in situ develop further. 
Although it is easy to speculate at length 
on these matters, assuming that maternal 
pulsations and respiration afford a kind of 
object at the fetal surface, I wish only to 
point out a few further considerations at 
this time. If these premises are valid, it 
seems likely that there is a great variety 
of possible ranges of rates and intensities 
of the perceptions at the fetal surface sug- 
gesting that even in utero each baby- 
mother interreaction may be a highly indi- 
vidual affair. The DS location and range 
may be high or low depending on variations 
in these levels and ranges in different 
mothers. This suggests one perspective in 
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Fic. 2. Variations in rates of maternal physio- 
logic activities. 
accounting for the great diversity of reac- 
tivity generally and locally in neonates 
(43-45, 86, 87). In particular I mention the 
variability in the congenital activity pat- 
tern of neonates demonstrated by Fries 
(43). In her studies one stimulus consisted 
of vibration or noise of a dropped weight 
which I presume may afford a diffuse, not 
localized stimulus and secondly a stimulus 
involving presentation, removal and resto- 
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ration of an object of gratification. It may 
be stretching the imagination but I think 
it possible that the fetus may learn to 
“read” the mother’s physiologic rhythms 
to borrow Escalona’s term (32). However, 
the rates and intensities of vascular or re- 
spiratory activity compared to motor modes 
of behavior on the part of the mother may 
be very different and require appreciable 
adjustment on the part of the developing 
organism postnatally. Thus we know that 
the rates and intensity of vascular or re- 
spiratory activity compared to motor or 
verbal behavior may vary greatly in differ- 
ent mothers and also this difference may be 
more marked in relation to one pregnancy 
than another for the individual woman. 
These considerations are in agreement with 
the formulations originally proposed by 
Mirsky (74, 76) with regard to inborn vari- 
ations in specific physiologic or biochemi- 
cal capacities and inborn variations in the 
acuity of any sensory system; which varia- 
tions may be expressed as high, mean, or 
low and each of which may then be in rela- 
tion to a mother of high, mean, or low “in- 
tegrative capacity” making possible at least 
nine baby-mother combinations. 

Maternal physiologic rhythms as an ob- 
ject and as a recurring perception at the 
fetal surface may be one of the determi- 
nants in development of the so called “body 
image.” In addition, the quality of this 
surface perception may well be one of the 
contributors to the functional attributes, 
including primitive rhythmic rates, of the 
peripheral and central nervous system. This 
conjecture is conceivable in view of the 
evidence presented by Weiss that nerve and 
ganglion specificity develops out of a retro- 
grade influence (“modulation”) from the 
peripheral end organ (97), the so called 
resonance relation. This age old problem 
of the importance of inner growth compared 
to external stimulation in the development 
of the properties of the nervous system is 
still unresolved as recent writings on the 
subject show (98). The conjecture here 


would be something like the suggestion 
made by Carmichael (17) 20 years ago as 
follows: 

“Thus save in time relationships im- 
pulses in neurones are not ‘caused by’ the 
stimulus. That is the time of the presenta- 
tion of the stimulus and because of the rela- 
tive refractory phase, the intensity o! the 
stimulus are both determiners of the time 
functions of discharge of the activated 
mechanism and, it may be, only of the time 
functions.” 

Adrian (2) expresses a similar view as jol- 
lows: 

“What goes on in the mind is controlled, 
to a large extent at least, by what is sent 
into the brain from the sense organs. The 
particular form of our mental operations 
may depend more on what was sent in from 
the sense organs, when the brain and mind 
were still developing, for what happened 
then will have helped to establish the con- 
nections or associations which we use to 
make an orderly scheme of what is going 
on.” 

Before concluding this part of the paper, 
I am prompted to point out that I am not 
in any way talking about maternal impres- 
sions or prenatal influence in its too fre- 
quent superstitious usage. However, I am 
suggesting considering a broader, mutual, 
relationship between the growing fetal or- 
ganism and the mother of probable signifi- 
cance in the organism’s subsequent develop- 
ment. In addition I am suggesting some 
slight shift in the perspective about these 
matters gained from the usual laboratory 
and scientific methodologies, such as ex- 
pressed by Corner in his informative and 
delightful essay, Ourselves Unborn, (19) as 
follows: 

“In summary, then, and subject only to 
certain technical reservations, nothing gets 
through the placenta from mother to child 
unless it is capable of being carried in solu- 
tion by the blood, and of passing through 
the walls of the villi and of their blood cap- 
illaries, which together constitute an 
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exceedingly fine-meshed semipermeable 
membrane. There is no other means of 
communication between mother and child. 
In particular it should be emphasized in 
capital letters that there is no connection 
between their nervous systems. Not a single 
nerve fiber crosses the placental barrier; 
there is no channel for the transmission of 
feelings or intentions, moods, memories or 
ideas. The infant is in fact completely shut 
off from its own mother save for the ex- 
change of simple chemical nutrients and 
wastes through a screen so fine that it will 
pass nothing but the smaller molecules of 
matter. 

“In this regard the proved facts of the 
laboratory are in flat contradiction to one 
of the oldest beliefs of mankind. .. .” 

There are a number of similarities in 
this warning of the embryologist and the 
admonition of Freud concerning the lack of 
objects to the fetus that I have previously 
quoted (40). 


III. BIRTH 


These hypotheses concerning the fetal 
environment suggest new perspectives in 
viewing the process of birth. In this con- 
text, however, I do not wish to dwell. on 
these matters but will consider them more 
fully at another time. One of the most 
thoughtful and stimulating treatments of 
the significance of birth in the development 
of the human organism has been made by 
Greenacre (48, 49). 

In view of the thesis of kinds of objects 
being proposed in this paper, I will point 
out only a few salient perspectives in refer- 
ence to birth. First as stated previously 
(54), the organism may be more or less 
prepared for birth at 9 months as it is more 
or less prepared for school at age 6, for 
puberty at age 12, for marriage at age 21, 
for the menopause at age 45, or for retire- 
ment at age 65. Most considerations of the 
process of birth, including Greenacre’s, em- 
phasize this as being a brief tumultuous 
episode in the life of the individual, vari- 
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ously termed a caesura, a hiatus or the 
great chiasma. However, recent studies of 
the normal physiology of the pregnant 
uterus, particularly the work of Reynolds 
(78-80) and Alvarez (6) indicate that the 
birth process occurs over a number of days 
or even weeks and is not the brief occur- 
rence which evident parturition in the 
mother or the appearance of the newborn 
babe would suggest. It seems likely, as with 
most significant changes to which the or- 
ganism has to adjust, that there is a period 
of practice or trial before the irrevocable 
event occurs. 

The main point I wish to propose at this 
time in relation to birth is a different per- 
spective with regard to the quality of the 
change which may be experienced by the 
fetus-neonate. All students of this problem 
assume that the fetus passes from an en- 
vironment of low stimulation to an environ- 
ment of high stimulation from the ease of 
the womb to the toils of the world. In view 
of the premises here proposed, it is con- 
jectured that the newborn may pass to an 
environment of lower surface stimulation 
and at the same time is separated from a 
known, consistent, repetitive kind of stimu- 
lation. This change may be like spending 
all day in an organized boiler factory and 
then going out in a quiet street. Or perhaps 
it is more like a person who has lived all 
his life in a big city, next to an elevated 
train and who then goes to the country with 
all its strange lack of familiar noises. The 
new stimuli are different, less persistent, 
exotic, and most important are relatively 
random. 


IV. NEONATAL OBJECTS AND RELATIONSHIPS 


As a sequel to our discussion so far and 
as a prelude to this section of the paper, it 
is fitting to quote the final passage from 
Paul Weiss’s book, Principles of Develop- 
ment (96). 

“There are many advantages which the 
study of embryonic functions offers over 
that of the adult body; embryonic func- 
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tions are more primitive, hence more sche- 
matic, and- show the crucial aspects in 
sharper relief. Moreover, by choosing the 
proper stages, it is possible to get an unob- 
structed view of certain vital phenomena 
‘while they are still in pure and, as it were, 
nuclear form, not yet obstructed by a host 
of complicating factors of more recent ap- 
pearance. To get rid of the latter the physi- 
ologist must apply elaborate surgical and 
pharmacological measures while the em- 
bryo might have presented him with the 
unobscured situation from the beginning. 
Apart from the work on the nervous sys- 
tem, advantage has been taken of this fact 
only in the study of heart function and a 
few other scattered instances. A systematic 
exploitation of this promising field of Em- 
bryonic Physiology has not yet even be- 
gun.” 

I have suggested viewing the vascular re- 
lationship of the fetus with the mother as a 
kind of object relationship and considering 
the mother’s physiologic activities as af- 
fording a kind of repetitive object percep- 
tion at the fetal surface. This hypothesis 
leads to the inference that the fetus may 
be exposed to a surface stimulation of less 
rather than more intensity in passing from 
the prenatal to the postnatal state. 

It has been noted by a number of inves- 
tigators (46, 49) that the neonate is rela- 
tive!y insensitive to a variety of stimuli for 
2 to 10 days after birth. Gesell describes 
the neonate as “quasi-dormant” (46). This 
relative insensitivity of the neonate is noted 
by Greenacre (49) and attributed to the 
effect of the birth experience and subsiding 
as cortical integration resumes or develops. 
While a variety of explanations of this 
observation may be pertinent, most ap- 
proaches to the apparent cutaneous insen- 
sitivity of the neonate seem to be retro- 
spective. That is the neonate’s insensitivity 
is viewed relative to later sensitivity. It 
is only after a number of hours or days 
postnatally that the baby becomes respon- 
sive, or so responsive, to sources of pain, 
or a variety of tactile or sound stimula- 


tion as it then continues to be during :nost 
of its later life. So it is reasoned tha: the 
baby is transiently insensitive during the 
first few days postnatally. Another cpla- 
nation of this apparent cutaneous in: cnsi- 
tivity is that the neonate is not yet pecep- 
tive and therefore not yet responsi.e to 
the kinds of stimuli the experiment«: ex- 
pects and uses. 

From the assumption of the perc: tion 
at the fetal surface, I would expect th.‘ the 
neonate would be responsive mainly i» va- 
riations in frequency and perhaps int: nsity 
of some repetitive stimulus and would have 
to “learn” within this perceptive sc: the 
significant variations of relatively raidom 
stimuli experienced postnatally. It might be 
informative to examine the responsiveness 
and variations in response of neonates sub- 
jected to stimuli of constant quality but of 
varying frequency or intensity, similar in 
nature to the studies of Lourie (70) witha 
metronome in older children. 

I assume then that the familiar percep- 
tive set of the neonate, from prenatal ex- 
perience, is a fairly consistent repetitive 
surface stimulation which represents a kind 
of object expectation and which provides 
the background or foreground for percep- 
tion of stimuli at the postnatal boundary 
or environment. This set has developed 
from experience with the repetitive mater- 
nal physiologic activities already described 
and it is in or on this limitless sea of stimu- 
lation that there must accrue the “islands 
of consistency” of which Escalona speaks 
(33). Perhaps it is on this monotonous 
plain of stimulation and perceptivity that 
the particular landscape of the postnatal 
environment develops. The choice of meta- 
phor may depend on whether I am in deep 
water with these conjectures or have some 
grounds for the premises proposed. 


MATERNAL PHYSIOLOGIC ACTIVITIES OR THEIR 
EQUIVALENTS AS OBJECTS POSTNATALLY 


Object relationships in the neonate and 


infant have been perceived largely though 
the model of the oral feeding experience, 
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breast or bottle, and this has been a main 
focus of neonatal relationships particularly 
is psychoanalytically oriented theorizing. 
The other neonatal experience of import 


and concern has been and is respiratory . 


behavior, which, although less obvious and 
without the sentimental attribute of baby- 
mother relationship that surrounds the 
feeding experience, nonetheless has an at- 
tribute of urgency compared to oral feed- 
ing. These kinds of experience, breathing 
and oral feeding, are of great significance 
in the character of the infantile develop- 
ment and develop almost simultaneously. 
However, in keeping with the prospective 
approach in this paper, it may be necessary 
and fruitful to consider these kinds of ex- 
perience separately, and only after con- 
sidering certain other object relations of 
the neonate which may be more directly 
related and continuous with those already 
conjectured during fetal experience. There- 
fore we will consider maternal physiologic 
activities postnatally, and then breathing 
and then touch upon the feeding experience. 
This fragmentation for clarity will be made, 
while keeping in mind that we are dis- 
cussing simultaneous processes in the baby- 
mother relationship. 

Babies nurse, sleep, cry, nurse, sleep and 
also urinate and defecate. These are the 
high points in our perception of the baby. 
Babies also breathe and they also experi- 
ence contact with the mother or other 
adults; holding, patting, rocking, walking, 
vocal sounds, singing, etc. All this contact 
occurs at times during and at times separate 
from the actual feeding experience. 

A corollary or sequel to the suggestion 
that there is a kind of object perception 
at the fetal surface provided by the 
mother’s physiologic activity is the pro- 
posal that this same kind of object or 
perception of the mother continues to be 
perceived postnatally during the contact 
relationships mentioned above. That pres- 
sure sensations experienced during intra- 
uterine life incident to the mother’s walking 
may be reexperienced postnatally by the 
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baby, while being walked, is fairly evident 
and has been readily considered by many 
observers. However, it is my premise that 
the repetitive perception incident to the 
mother’s vascular pulse and respiration, 
described as significant for fetal experience, 
continues postnatally incident to perception 
of the mother’s respiration and vascular 
(including cardiac) activity. The only ref- 
erence that I have found to the mother’s 
respiratory or vascular activity being a 
possible object perception for the neonate 
is the following statement by Hoffer (59): 
“In the sucking experience the sensation 
will be reinforced by not-body objects, the 
milk, the breast, the bottle, and the 
mother’s grip, breath or heart beat.” Here 
he views these latter sensations in the tra- 
ditional perspective, as incidental to or 
augmenting the oral sucking experience.® 

However, I assume, that certain rhythmic 
perceptions provided by the mother may 
constitute the earliest object perception of 
the mother to the neonate and are a con- 
tinuation of the qualitatively similar pre- 
natal surface perceptions. These afford a 
kind of object recognized and expected by 
the neonate. I point out that the location 
which affords the best opportunity for per- 
ception of these maternal activities is the 
chest and this in the human is the location 
of the breasts. It is also noted that most 
women are right handed, which means that 
they hold the baby with the left arm in 
giving a bottle leaving the right arm free, 
and also they usually hold him over the 
left shoulder for bubbling, rocking, patting, 
walking. Cardiac pulsation is transmitted 
with greater intensity in these positions. 
Blauvelt from her study of the mother- 
newborn relationship in goats emphasizes 
that “the anatomies of mother and kid 
fit together beautifully” (16). Here I am 
stressing not only the fitness of the mother’s 
anatomy but also her physiology. 

*Since writing this paper I have found that 
these factors in early relationships have been con- 
sidered by Meerloo (73). His paper brought to my 


attention similar ideas proposed by FitzHerbert 
(38, 39). 
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While perceptions of maternal vascular 
pulsations and respiratory movement in 
themselves provide a kind of object percep- 
tion familiar to the neonate, there are other 
similar repetitive stimuli to which the 
neonate is exposed by the mother. One of 
these is rocking, which, although not as 
common as in years past, still occurs via 
the chair or cradle. The other is patting, 
usually the back of the baby, while it is 
held over the mother’s left shoulder and 
frequently rocked or walked at the same 
time. Preliminary observation of the rates 
of rocking and rates of patting indicate a 
wide difference between the frequencies of 
these two behaviors on the part of the 
mother. Rocking tends toward synchrony 
with the mother’s and/or baby’s respira- 
tory rate while patting approximates the 
mother’s and/or baby’s cardiac rate. This 
correlation would be susceptible to in- 
vestigation in different babies, different 
mothers and different baby-mother rela- 
tionships. 

While the mother’s respiratory and car- 
diac activity may be more influenced by 
the neonate’s behavior postnatally com- 
pared to the prenatal conditions, I assume 
that repetitive recurrence of this kind of 
object perception to the neonate is still 
predominately one sided and only a very 
low order interreaction. Even so the rates 
of chese perceptions of vibration or pres- 
sure emanating from the mother will vary 
and may have some “meaning” postnatally 
as suggested prenatally. I conjecture that 
these perceptions, incident to the mother’s 
physiologic activities, constitute a major 
element in the phenomenon of contagion 
discussed by Escalona to which I have 
already referred. In view of this account 
of the baby’s postnatal perception of the 
mother, it is fitting to continue with Es- 
calona’s account of these matters previ- 
ously quoted (31). 

“By contagion, I mean those processes 
whereby a feeling state transmits itself 
from mother to baby, as when an infant 


cries when held by an acutely tense and 
anxious person but seems quite content 
when held by one who is relaxed; or. when 
a baby cries but then settles down :ierely 
upon being spoken to and patted in a re- 
assuring manner. As far as I can sec, con- 
tagion is never fully subject to volintary 
control by the person from whom ii ema- 
nates. An excited, worried mother m:y wy 
to convey reassurance, but the baby, if 
he is susceptible to contagion, will 1-spond 
to her actual feeling state. On the other 
hand, a person who really feels calia can, 
if she is at all skillful, intentionally convey 
a sense of calmness to the baby.” 

In another context Escalona says: 

“We have all thought about the curious 
fact, reported and acknowledged by the 
majority of persons who have observed 
children, that a mother’s feeling state, in- 
cluding altogether unconscious material, 
exerts a marked effect upon the baby’s 
response and the developing relationship. 
I find these phenomena least mysterious 
and most amenable to systematic explora- 
tion in the light of the concept of contagion 
as here sketched. It stands to reason that 
whatever the adult is really feeling is what 
is contaged, if you will excuse so ugly a 
word. It is also plausible that a mother 
whose energies are heavily engaged in hold- 
ing at abeyance anxiety aroused by w- 
conscious conflict would find it more dif- 
ficult to direct herself wholly toward the 
baby, as seems to be necessary when con- 
tagion is used deliberately. I also think, 
and I mention this only in an attempt to 
activate your own memories and associa- 
tions in this context, that this is what we 
mean when we speak of distance between 


‘mother and baby. Such emotional distance 


can be observably present while a mother 
breast feeds her baby or kisses him. One 
way of putting what we see, or rather 
what we feel to be lacking in what we 
see, is the absence of the undercurrents and 
vibrations denoting the presence of con- 
tagion. I feel like apologizing for such 
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sloppy use of vague words like “vibration,” 
but I am simply unable to go beyond a 
kind of imaginative description and spec- 
wlative approximation of what I think is 
aclearly observable reality” (34). 

Questions of the apparent ugliness or 
sloppiness of wording should not be a 
matter of concern in depiction of what I 
presuie Escalona is trying to describe. 
Whatever may be the object perception of 
the neonate this may be vastly different 
from anything that can be expressed in 
familiar words, and is likely much more 
esoteric than the term “preverbal” implies. 
It may be that the variations in the 
object world to the neonate can only be 
expressed vocally as variations on the 
theme of a familiar hummed lullaby. To 
be sure this may be vague but it does not 


necessarily mean that any more scientific, 


accurate, or appropriate expression will be 
afforded by the anatomic or physiologic 
terminology for the amoeba, the nomen- 
clature of acoustical physics, or the for- 
mulas of cybernetics. 

This has been an extension of my 
main postulation developed in this paper. 
Namely, that there is a prenatally ex- 
perienced kind of object perception inci- 
dent to the mother’s physiologic activities 
and that this continues postnatally with 
much the same quantitative and qualitative 
characteristics and provided by the mother 
by much the same mechanisms. This in- 
volves the assumption that there is a kind 
of object perception which bridges the so 
called caesura of birth, and a kind of 
object perception which is the model for 
all those to come later, and is the key 
object of the developing organism for per- 
haps a period of six months—one, two or 
three months before birth to one, two or 
three months after birth, but is still oper- 
ative thereafter.7 


"Since writing this paper there has come to my 
attention a pertinent panel discussion, chaired by 
Kris, on the Problems of Infantile Neurosis (The 
Psychoanalytic Study of the Child. IX:16, 1954). 
Much of the discussion centers around rhythmic 


POSTNATAL RESPIRATORY ACTIVITY OR BREATH- 
ING 

One of the first and probably the most 
urgent of the newborn’s activities is breath- 
ing. Beginning of this function is requisite 
to the neonate’s acquiring oxygen and ex- 
pelling carbon dioxide on a more highly 
integrated, more autonomous level of or- 
ganization than took place prenatally. This 
step in maturation is necessary for the 
survival of the organism chiefly because of 
the biochemical, oxygen, and carbon di- 
oxide exchanges which pulmonary func- 
tion subsumes. It is chiefly in this light 
that breathing usually has been considered. 
In addition it has been considered in psy- 
choanalytic theory in the frame of reference 
of oral, anal, or phallic behavior and or- 
ganization. With the prospective, not ret- 
rospective, orientation we are using, I 


behaviors of the infant, chiefly as manifested in 
rocking and head knocking. These matters are 
discussed in greatest detail by Greenacre and 
Anna Freud. 

Greenacre introduces the concept of two types 
of rhythm, the one repetitive and regular with a 
lulling, familiar quality, the other accelerating, 
crescendo, orgastic and gratifying. This formula- 
tion presents a significant contribution, but I 
would add that rhythmic activity manifested in 
any system or level of organization, vascular, re- 
spiratory, motor, shows three qualitative variations, 
the one accelerating and perhaps orgastic in charac- 
ter, the second relatively regular, constant and 
soothing, and in addition the third a decelarat- 
ing rhythm, decelerating even to the point of 
cessation, which eventuality either is not observed, 
is ignored or is “lost” in the expression, primary 
narcissism. 

While Greenacre’s basis for formulation stems 
largely from psychoanalytic observation of “bor- 
derline” patients, Anna Freud affirms the sig- 
nificance of rhythmic manifestations as fairly 
“normal” behavior in young children. In this 
connection she says, “On the basis of direct ob- 
servation and reports on behavior, I believe now 
that rocking and head knocking are much more 
frequent occurrences among normal children than 
we used to assume at times when both activities 
were reported almost exclusively from the obser- 
vation of defectives. Dr. Greenacre mentions their 
possible connection with birth conditions. I want 
to go one step further and suggest that the answer 
to this problem has to be sought for not in dis- 
tinctions between pathologic states but in so far 
unexplored interrelations between intrauterine and 
extrauterine life.” 
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would suggest additional ideas with regard 
to breathing in the organism-environment 
economy of the developing neonate. 

In the preceding section I have indicated 
that the neonate continues to have avail- 
able the repetitive perception of the mother’s 
physiologic activities to which it had been 
exposed for some time prenatally. Even 
so such perceptions of the mother will be 
less continuously available postnatally 
compared to the prenatal condition. I have 
indicated that these physiologic activities 
of the mother provide a recurrent cuta- 
neous, sensory and/or kinesthetic percep- 
tion. Now such a recurrent sensory and/or 
kinesthetic perception is an important com- 
ponent of breathing in addition to and 
along with the biochemical component 
usually emphasized. Just as the fetus does 
not give up the fetal mechanism of acquir- 
ing oxygen from the mother via the vascular 
environment until it is ready to take over 
this function by other more autonomous 
means, so it does not have to begin to give 
up the physiologic rhythmic perceptions 
provided by the mother until it is prepared 
to begin to supply these sensory and/or kin- 
esthetic rhythms to some degree by itself 
also through breathing activity. While we 
have previously been talking about a surface 
perception to the fetus-neonate which is 
provided by the mother and is motor-neural 
and vascular-neural in mode of transmis- 
sion, we are now in addition considering 
a surface perception provided by the neo- 
nate itself and motor-sensory or sensori- 
motor in mode of transmission. Even so 
I consider that the neonate may not be 
able to differentiate for a while between 
the surface perception derived through 
these two different modes of derivation. 
However, this is an inability to distinguish 
as yet between two different kinds of 
objects and two different kinds of object 
relationships. The recurrent surface per- 
ception incident to the mother’s physiologic 
activities or to the neonate’s breathing are 
both I assume differentiated from “self” 


even though there is not yet differentiation 
of one kind of object from the other. As 
differentiation of one of these surface per- 
ceptions from the other develops, I assume 
that a change in what Hoffer (59) terms 
“self-me” also occurs. However, at no time 
will there be “normally” any consistent 
state of undifferentiated self-me-object but 
only gradations of self-me in relation to 
gradations of kinds of objects. In reference 
to this matter Hoffer speaks of “the spread 
of the feeling of self over the infants body, 
in which the self is housed” (60). The 
concept of the individual’s own body as 
object, and the precedents for this view- 
point, has recently been reemphasized by 
Szasz in his considerations of the proilem 
of pain (95). 


‘BREATHING AS A MOTOR MEANS OF CONTACT AND 


SEPARATION IN RELATION TO OBJECTS 


From our prospective orientation we have 
considered breathing as a function provid- 
ing not only requisite autonomous bio- 
chemical exchange but also an autonomous 
recurrent surface perception for the neo- 
nate. This approach suggests further func- 
tions of postnatal respiratory activity 
which I think are significant but may com- 
plicate and tax the differentiating abilities 
of the presumably helpless infant. 

As mentioned before breathing has usu- 
ally been considered in psychoanalytic 
theory through the model of oral, anal, or 
phallic function. This is most likely related 
to psychoanalytic focus on these stages 
from retrospective reconstruction. Psycho- 
analytic theory has been preoccupied with 
what goes in or out of the mouth; breasts, 
nipples, fingers, milk, food, vomitus, spit, 
cries, sounds, words, and air. While air, 
or oxygen and carbon dioxide, go in and 
out of the mouth or nose this fact is rela- 
tively incidental compared to oral behavior 
related to food and sucking. Even 80 
breathing has been considered in its psy- 
chologic significance as most basically like 
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oral behavior. Thus Fenichel (36) says: 

“The first positive instinctual behavior 
toward a desired object consists in di- 
minishing the distance between oneself and 
the object and finally in swallowing it 
(later limited to taking in into the mouth). 
The first negative instinctual behavior to- 
ward 2 repulsive object consists in increas- 
ing the distance and ‘spitting it out’ (later 
condensed with eliminating it according to 
the pattern of defecation).” 

In another context he says (37), 

“Inhaling the same air as another person 
means to be united with him, while ex- 
haling means separation.” 

These statements represent the premises 
for most psychoanalytic thinking with re- 
gard to the psychologic significance and 
meaning of breathing and there is ample 
evidence to support these premises for psy- 
chic economy at a stage later in the de- 
velopment of the child than we are con- 
sidering here for the neonate. I point out 
that the sensorimotor component of oral 
feeding behavior or sucking is oral and 
perioral in location, while the sensorimotor 
component of breathing is predominantly 
localized in the chest, abdomen, trunk, even 
though air goes in and out of the oral 
aperture. This means that the autonomous 
recurrent sensory perception incident to 
breathing, is a recurrent perception located 
in the chest and abdomen, chiefly the ven- 
tral surface of the neonatal trunk. 

Furthermore breathing provides with its 
motor component a facility for varying 
surface stimulation in contact with objects, 
which to us observers, are not a part of 
the infant’s own body. This means that 
breathing provides a means for the fetus 
to relate to objects through tactile trunk 
perception. I suggest that this precedes and 
may be one of the bases for later developed 
“ideas” of object relationship incident to 
inhalation and exhalation. Thus taking in 
of air, inspiration, is accompanied by closer 
tactile, trunk contact, “a reaching out to” 
an object while getting rid of air, expiration 
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is accompanied by more distant tactile, 
trunk contact, “a withdrawal from” an 
object. 

I have already pointed out that babies 
do not nurse all the time even though many 
mothers may insist that this is so and they 
do not sleep all the time even though many 
fathers may wish that this were so. Nor 
is all of their experience confined to eating 
and/or sleeping as the formulations of 
Lewin presuppose (68). As I have done 
repeatedly I turn to Esealona’s observa- 
tions. 

“It may have been a mistake to choose 
feeding and sleeping for the emphasis on 
what kinds of experiences babies may have, 
for these are the two functions which every- 
body thinks of as being significant during 
early infancy. The most important thing 
I have learned about young babies is how 
much else there is to their daily life, and 
how many responses and adaptations they 
are called upon to make other than those 
connected with these vital functions.” 

“Almost all of the time, the baby is in 
contact with the outer world through his 
skin. Diapers, shirts, gowns, blankets, 
sweaters, bonnets, sheets, the mother’s 
hands, the mother’s clothing, water of dif- 
ferent temperatures, cottonwool, oil, drafts 
and breezes, soft and hard surfaces, all 
approach and withdraw from his skin. What 
this may mean for the excitation-quiescence 
and the pleasure-displeasure elements in 
his life depends both on what his mother 
is like and his general life circumstance, 
and upon what his skin is like, physio- 
logically speaking” (35). 

With all this I agree including the fact 
that these objects of the outer world “all 
approach and withdraw from his skin.” At 
the same time I suggest that via the activ- 
ity of breathing the baby, on his part, 
“approaches and withdraws” from many 
of these objects with associated variation 
in cutaneous or kinesthetic sensation of the 
trunk. As with most kinds of object rela- 
tionships, the developing organism is a 
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determining participant, the least so with 
the surface perception described prenatally. 

These premises focus upon three kinds 
of surface perception for the neonate: (1) 
the continued perception of the mother’s 
physiologic activities, (2) the cutaneous and 
kinesthetic perception incident to breathing 
itself, and (3) cutaneous and kinesthetic 
perception in contact with “external” ob- 
jects. All three of these kinds of objects and 
object relations have different qualities 
which will be discussed more in detail later. 
For the moment it is emphasized that these 
are object relationships which are “trunk 
centered” so to speak. 


THE CEPHALO-CAUDAD POLARITY IN ORGANIZA- 
TION OF EMBRYONAL AND POSTNATAL DE- 
VELOPMENT 


So called cephalization is evident in evo- 
lutionary development and in ontogenetic 
development at various levels of organiza- 
tion. The accelerated growth and function- 
ing of the cephalic structures compared to 
_ caudal structures has been noted for years 
in human embryogenesis. Many reports 
have noted a parallel cephalic precocity in 
psychic organization. Frequently this simi- 
larity has been used in support or ex- 
planation of some psychic organization and 
at times to give biologic substance to psy- 
chulogic phenomena. While this comparison 
of a polarity in psychogenesis and embryo- 
genesis is useful and valid as far as it goes, 
the parallel has not been carried to its logi- 
cal and factual conclusion. 

With respect to this matter in embryo- 
genesis Patten (77) speaks as follows: 

“Even casual inspection of a series of 
embryos of increasing age makes it appar- 


ent how rapidly the cephalic region is ex- . 


panding. It is easy, however, to overlook 
the part played by the more caudal portions 
of the embryo in this cephalic growth. From 
the region of the primitive streak, cells are 
continuously being pushed forth into the 
growing body, but we see the results of 
growth activities in the increase in size of 


other regions. Paradoxically, the primitive 
streak itself does not become larger by »ca- 
son of its own activity, for the cells t! cre 
proliferated promptly emigrate and the 
primitive streak itself becomes a relati: ely 
less and less conspicuous structure.” 

This means that in embryogenesis, : ‘ter 
development and organization of the intial 
embryonic dise and more specifically the 
primitive streak, there occurs growth a‘ the 
cephalic end of the embryo and at the 
caudal end. In this subsequent growt), at 
both ends, so to speak, that at the he:d is 
always more precocious than that ai the 
tail. However, that which lies between. the 
primitive streak, has been more precovious 
than either. This is overlooked as note: by 
Patten partly because the primitive streak 
itself becomes a less and less conspicuous 
structure. In addition to these anatomic 
facts, this oversight is compounded by the 
observer of embryogenesis who tends to be 
engrossed with invaginations and protru- 
sions developing at the cephalic or caudal 
end of the embryo. However, in embryo- 
genesis there is a dominance progression 
from the center, to the head, to the tail. 

Now in consideration of the genesis of 
psychic organization emphasis has also been 
placed on the earlier organization of ce- 
phalic function compared to the caudal, 
while overlooking what goes on relatively in- 
conspicuously in between. This has been due 
to the fact that psychologic observation, 
particularly psychoanalytic, has been pre- 
occupied with apertures that move and 
make noises, and with protrusions mani- 
festing activity. This has prevented aware- 
ness or consideration of the “trunk cen- 
tered” behavior and perceptions of the 
neonate, which are emphasized here, and 
which transpire with relatively inconspicu- 
ous breathing and “mere” contact with the 
mother. 

Consideration of these “trunk centered” 
cutaneous and/or kinesthetic perceptions of 
a kind of object incident to breathing sug- 
gests that breathing deserves a place along- 
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side of oral, anal, and phallic activity in 
developing psychic economy. The kinds of 
eutancous perception and the kinds of ob- 
ject relation incident to breathing and con- 
tact, and chiefly “trunk centered,” if per- 
missile assumptions, may be important 
consi|:rations in understanding a number 
of psychosomatic disorders and psychic 
symp'omatologies. These would include 
bronchial asthma and other respiratory dis- 
orders such as hyperventilation; certain 
hysterical, hypochondriacal and delusional 
symptoms in the chest and abdomen; the 
changing patterns of symptoms (65) and 
also the so called Isakower phenomenon 
(63). Spitz has noted the psychiatrists neg- 
lect of this large trunk part of our body, par- 
ticularly the powerful and intricate muscu- 
lature subsuming postural function (91). 
These cutaneous object perceptions inci- 
dent to breathing may well be of significance 
in the developing “body image” along with 
the perceptions of maternal physiologic ac- 
tivities as previously suggested. Also the 
neonates own vascular pulsations may con- 
tribute to development of the “body image.” 
As repeatedly stressed by Engel there are 
many indications that biologic process and 
action precede and circumscribe the psy- 
chologic expression thereof (25). Further 
evidence of this has been shown by Engel, 
Reichsman and Segal in their recent con- 
tribution through the unique study of an 
infant with a gastric fistula (27, 28). Some 
of the formulations presented here may be 
of importance in comprehending and ex- 
plaining some aspects of the biologic, psy- 
chologic continuum and the transition dur- 
ing development from the more purely 
biologic to the biopsychologic. The cutane- 
ous “trunk centered” perceptions proposed 
may afford the basic perceptive anlage for 
psychologic ontogenesis. This would seem 
to have more substance than the premise 
that the earliest perceptive gestalt is the 
oral cavity which I presume becomes defined 
and involved somewhat later. 
Consideration of these recurrent surface 
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object perceptions to the neonate incident to 
maternal physiologic activities and auto- 
nomous breathing preclude the necessity of 
assuming “regression” to a prenatal state 
with the occurrence of intrauterine-like per- 
ceptual or behavioral phenomena. 


CRYING 


The formulations being developed here 
suggest certain perspectives regarding cry- 
ing in the newborn which I will set forth 
briefly at this point. In spite of the preva- 
lence and agony of crying of the baby, sur- 
prisingly little study of this manifestation 
either in the child or adult has been made. 
The pioneer studies of Aldrich (3-5), more 
recently of Illingworth (62), and of Stewart 
(92, 93) are the only systematic considera- 
tions of crying in newborns which have 
come to my attention. The meaning and 
purpose of crying following birth is di- 
versely interpreted by different observers. 
As editorialized recently, “To the physiolo- 
gist it is simply a neat mechanism for as- 
suring deep respirations, but to the psycho- 
analyst it is a vigorous protest against an 
uncomfortable ejection from the peace and 
security of the womb” (24). 

Since the original observations of Darwin, 
(20) crying has been considered mainly in 
respect to its facial motor components, peri- 
oral and periocular. These are the sites of 
the most evident expressions of crying, in 
particular an oral noise and ocular weeping. 
However, tearing or weeping does not gen- 
erally occur in the baby until the third to 
fifth week. Crying in the baby has generally 
been considered as protective and protesting 
and is described by Aldrich as a negative 
response. It is also considered as a mecha- 
nism for discharge of emotional tension, anx- 
iety or aggression. The “need” or the specific 
quality of the baby’s distress which eventu- 
ates in crying has generally been assumed to 
be food hunger. As mentioned the physiolo- 
gist tends to think of crying as facilitating 
satisfaction of oxygen hunger. 

While crying is generally associated with 
its facial, oral and ocular, manifestations 
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and with oral nutritional need, crying also 
includes major breathing components (4, 
62). Crying involves an increase in the depth 
and intensity and/or rate of breathing. This 
is evident either in the deep, short inspira- 
tion with prolonged expiration or in sobbing 
or combinations thereof. This constitutes 
the major motor component in the eventu- 
ating vocal cry. While crying is associated 
frequently with food hunger, Aldrich found 
this demonstrable in only about a third of 
the instances of crying in the neonate while 
another third of the crying episodes were 
related to apparently noxious stimuli, vomi- 
tus, soiled or wet diapers, and the remaining 
third were not due to any apparent cause. 
Illingsworth ascribes “loneliness or a desire 
to be picked up as an important cause of 
crying in the first three months” and notes 
the mistake of thinking that all the baby’s 
crying is due to hunger. Aldrich (4) empha- 
sizes what he calls more or less negative 
causes “as need for fondling and lack of 
rhythmic motion.” All of these students of 
the problem describe the apparent influence 
of contact itself with the mother or nurse 
in cessation of the baby’s crying. Stewart 
describes the importance of the mother’s 
emotional state in the effectiveness of this 
relationship. 

Now in considering the “needs” of the 
fetus we have talked in terms of “oxygen 
hunger,” and “food hunger.” In examining 
the kinds of objects for the fetus we have 
talked in terms of concentrations of oxygen 
and concentrations of glucose at the vascu- 
lar environment and also of the recurrent 
perception at the fetal surface. For the 
neonate we have dealt so far only in terms 
of oxygen and the continued recurrent sur- 
face perception both of which are now auto- 
nomously available and modifiable through 
breathing activity. That is to say increase 
or decrease of oxygen and also the rate and 
intensity of the surface perception eventu- 
ate with changes in breathing behavior. I 
suggest that “distress” in the neonate re- 
lated to lack of oxygen or excess of carbon 


dioxide primarily determines increase jp 
breathing rate and depth with resulting ad- 
justment. Distress in the neonate related to 
lack of the expected surface perception also 
determines increase in rate and dept! and 
intensity of breathing which at times auto- 
nomously affords readjustment. When dis- 
tress continues further increase in rat« and/ 
or depth and intensity of breathing occurs 
eventuating in vocal noise or crying and 
then contact with the mother’s physiologic 
rhythms due to her motor behavior may 
afford readjustment. When distress still con- 
tinues, as would be the situation ii food 
hunger is present, readjustment would not 
take place, and continued increase in rate 
and/or depth of breathing with crying would 
continue until food hunger is satisfied by 
additional motor behavior of the mother, 
offering the breast or bottle. These consid- 
erations point back to the early observa- 
tions of Ribble in which she repeatedly em- 
phasized three types of activity and need 
of the newborn, a need for oxygen, a need 
for food and also a “need to feel” or “hunger 
for tactile experience” (82-85). 

This formulation suggests that crying 
may be as fundamentally associated with 
the lack of the surface object perception 
proposed here as with food hunger or with 
food as we observers think of it and as the 
baby may come more directly to associate 
the reaction of crying. This attributes to the 
behavior of crying, or the breathing com- 
ponent thereof, some positive autonomous 
adaptive qualities other than those of pro- 
tection, protest, and random discharge of 
“tension.” It is further considered that there 
are probably changes in breathing activity 
during the baby’s sleep serving autonomous 


adaptive ends similar to those ascribed to 


sucking movements during sleep. 


THE DIFFERENT QUALITIES OF THE RELATION- 
SHIP TO THE SURFACE OBJECT PERCEPTION 
IN THE NEONATE 


We have been presuming a cutancous or 
kinesthetic sensation at the neonate’s sur- 


— | 


S =e oe ae 


aw Ss’ xs 


s+ we yp 


fe 
d 
WwW 
cl 
it 
al 
a 
re 
a 
i 


EARLY OBJECT RELATIONS 247 


face as a kind of object. This recurs inci- 
dent to the mother’s physiologic activities 
when the baby is held by the mother; it re- 
curs incident to the baby’s breathing activ- 
ity alone and when held by the mother and 
also it recurs incident to the host of ap- 
proaching and withdrawing behaviors avail- 
able to the mother, most grossly leaving and 
returning to the baby or putting him down 
and picking him up. While it is likely that 
there is or readily develops a difference to 
the infant in the quality of the sensory sur- 
face perception ensuing with these different 
processes, we will assume transiently for 
purposes of examining the processes that 
the recurrent perception is the same to the 
baby. 

For the present we will consider three 
main types of process or object relationship 
for the baby, presuming the surface percep- 
tion as a kind of object and an essential ob- 
ject for the developing neonate. First the 
mother’s physiologic activities, as we have 
assumed prenatally, continue to provide a 
recurrent perception though less consistently 
so, since they occur only when the baby is 
in direct contact with the mother. This rela- 
tionship with the mother (purely a surface 
perception) as already discussed is pre- 
dominately a receptive. relationship on the 
part of the neonate, probably mainly mother 
to baby, and vascular or motor on the part 
of the mother and neural on the part of the 
baby. As such this is a very low order inter- 
reaction and may not even be an interreac- 
tion according to the definition given. This 
is almost exclusively an afferent neurologic 
process on the part of the neonate with no 
determinable corresponding efferent compo- 
nent which can effect the source. The re- 
currence rate and intensity of this surface 
perception, while varying to some degree, is 
in any brief unit of time relatively constant. 
What variations in rate and intensity that 
do take place are not brought about in any 
appreciable way by the neonate initially 
even though this may come more and more 
to take place during neonatal development. 


Secondly, the baby’s own breathing ac- 
tivity is a means of experiencing the sur- 
face perception. In contrast to the above 
kind of object relationship, this activity 
constitutes the baby’s own physiologic 
mechanism and movement of its own body 
surface, alone or in contact (to us observ- 
ers) , affording a kind of object. This process 
or relationship with the object is sensori- 
motor or motor-sensory on the part of the 
neonate. It constitutes a neurologic process 
of the fetus with both afferent and efferent 
components even though modulated by bio- 
chemical factors.§ Most significant in com- 
parison to the previous relationship this is 
an interreaction with motor efferent re- 
sponse, in part incident to a “previous” sur- 
face perception, affecting the next recur- 
rence of the surface perception. In addition 
while the recurrence of the surface percep- 
tion may be inconsistent and variable com- 
pared to that incident to the mother’s physi- 
ologic activities, the changes in rate and 
intensity are predominantly determined by 
the neonate, no matter how “clumsily.” 
Even though the rates of recurrence may be 
inconsistent compared to that previously 
experienced and still experienced in contact 
with the mother’s physiologic activities, the 
rate of the neonate’s breathing is relatively 
rapid and the period of recurrence lies 
within the range experienced incident to the 
mother’s respiration and vascular pulse. 
Thirdly the recurrent perception at the 
surface incident to the baby’s behavior and 
the mother’s behavior subsumes still an- 
other type of relationship. The process of 
this relationship with the recurrent surface 


®* The still debatable problem of the sources of 
respiratory activity was noted by Barcroft (11) 
many years ago as follows: “...Are the chemical 
and the nervous stimuli to the respiratory centre 
really, in the same sense, stimuli? Or is one (the 
chemical) an increased lubrication of the machine, 
whilest the other (the nervous) is an increased 
effort on the part of the man who operates it? 
Of what is each stimulus capable in the absence 
of the other? What is the relation of the two 
combined to each separately? ...” 
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perception (the mother) is a reciprocal af- 
fair involving an afferent and an efferent 
component on the part of the baby which 
is more complex than that assumed in the 
second relationship above. Thus the usual 
efferent reaction involves crying or other 
reaction on the part of the baby, which I 
assume requires more highly integrated 
function than the efferent component of 
breathing alone. The process of this kind of 
relationship also involves an afferent sen- 
sory component and also an efferent com- 
ponent on the part of the mother, both com- 
ponents frequently highly complex. Thus 
(to us observers) this third kind of object 
relationship involves a neurologic afferent 
and efferent infant phase and an afferent 
and efferent maternal phase. Even so to the 
baby I assume this is a matter of delineating 
modes of its own behavior in relation to re- 
currence of a surface perception. While the 
baby may differentiate this surface percep- 
tion of contact, with return of the mother, 
by some quality of the perception compared 
to those considered above and perhaps by 
the comparative mode of efferent behavior 
affording recurrence, the most significant 
characteristic of this process of object rela- 
tionship to the baby may be the wide range 
and duration of recurrence which is in- 
volved. Thus compared to the recurrence 
rate experienced from the mother’s physio- 
logic activities, and the recurrence rate 
usual and determined with breathing func- 
tion, the periods of recurrence incident to 
the baby and mother’s behavior is “infinite” 
even though the range is great. This fact is 
so in view of anatomic, physiologic, and 
mental attributes of the baby-mother unit. 
As mentioned previously there is an equiva- 
lence of distance or space and time as a re- 
currence of a perception or object. 

These are three kinds of relationship with 
the surface perception, the object, the 
mother which I propose the developing neo- 
nate experiences. Whether the quality of the 
object perception differs, and when and how 
I will not conjecture. However, the afferent 


component of or for the baby is different in 
all three kinds of relationship and the range 
and consistency of recurrence is different in 
all three processes. I would describe thuse 
three qualitatively different relationship: as 
automatic, autonomous, and mutual. he 
automatic continues while the autonon:ous 
begins to be necessary and develops, and ‘he 
autonomous is developed and availab!: as 
the mutual becomes necessary. 


ORAL FEEDING ACTIVITY 


So far we have said nothing of mout!, ac- 
tivity of the baby nor the breast or buttle 
provided by the mother. This is so bev.iuse 
with the prospective approach to these :nat- 
ters, I assume that these orally circum- 
scribed processes and objects are less well 
delineated compared to those previously 
considered. 

First to consider sucking. This is « sen- 
sorimotor interreaction providing a way of 
relating both to the baby’s own mouth: sur- 
face and to the nipple. This sensorimotor 
activity is variably patterned at birth and 
generally maturates rapidly. Other than 
breathing this is the main behavior which 
is repeatable by the neonate, but most im- 
portant it provides after breathing the only 
motor reaction which is followed by a re- 
curring sensory perception or object of the 
kind we have been considering. This is so 
whether sucking includes only the mouth 
itself, the tongue, the lips, or whatever 
comes into the mouth by chance or by de- 
sign, a blanket, a finger, a bottle, a pin, or 
the breast. All of these latter “to us ex- 
ternal” objects may enhance the sensory 
return of sucking and enhance the kind of 
object of this stage. However, in the ma- 


‘jority of instances what gets into the mouth 


is the nipple of a bottle and in the minority 
of instances it is the nipple of the breast. 
Either of these is more satisfying for suck- 
ing because their presence in the mouth also 
means contact with the familiar physiologic 
activities of the person whom the baby will 
someday come to know as “the mother.” 
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But such object perceptions and relation- 
ships involving autonomous sucking, auton- 
omous breathing and the mother’s physio- 
logic activities, even with satisfactory 
respiritory exchange are not persistently 
pleasurable since these do not supply satis- 
factio:: of food hunger. By chance or by de- 
sign tle nipple of the breast or of the bot- 
tle which is sucked usually contains milk 
which via the gastrointestinal tract supplies 
nutritive needs and satisfaction of food hun- 
ger. Then the baby can settle down to en- 
joy his object world of perceptions incident 
to the mother’s physiologic activities, rock- 
ing, walking, talking and incident to its 
own breathing, and go to sleep, without the 
necessity of bothering with those alien ac- 
tivities of sucking, or those transient en- 
croachers the breast or bottle. Even so, like 
a prepubescent boy who does not want to 
bother with the girls he will learn to love 
them and include them as one of the most 
important in his sphere of objects. Oral 
feeding behavior in the prospective ap- 
proach presented here may be one of the 
first instances of “progression for the sake 
of regression” as recently discussed by Ba- 
lint (9). 

Oral sucking behavior then is viewed as 
affording the initial cephalad sensorimotor 
activity providing autonomously a sensory 
object perception comparable to the similar 
“trunk centered” facility incident to breath- 
ing already discussed. Oral, mouth behavior 
is to food hunger what respiratory behavior 
is to oxygen hunger. Each interreaction af- 
fords supply of necessary but different bio- 
chemical constituents and each affords a 
necessary but different mode of relating to 
objects both the neonate’s own body and the 
mother. 

The oral feeding experience has been the 
model for theories both of earliest psychic 
function and particularly earliest object re- 
lationships. From this has come the focus 
on the alimentary relation between baby 
and mother. This has been noted by Green- 
acre (50) and emphasized more by Benedek 
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(14, 15) in her significant formulations with 
regard to the mother-child symbiosis (13). 
Alimentary as employed by both of these 
investigators implies the connotation of nu- 
tritional and gastrointestinal. It is my 
premise that there are significant modes of 
function in the baby-mother symbiosis other 
than the alimentary or gastrointestinal dur- 
ing human ontogenesis to be considered of 
equal importance in psychophysiologic de- 
velopment. Some of these processes I have 
described undoubtedly with some errors in 
hypothesis, but, I think, with appreciable 
biologic substance and basis and I hope with 
some usefulness. 

While the relationships and kinds of ob- 
jects presented for consideration are chrono- 
logically speaking preoral, they are also in 
a sense “extra” oral and continue to provide 
both a means of relating to objects, and 
kinds of object perception even after the 
maturation of oral behavior. 


Vv. SUMMARY 


Getting the baby to breast or on the bot- 
tle is a good point at which to stop for a 
while in this train of thought. I have pre- 
sented some considerations and formula- 
tions with regard to fetal-maternal and 
neonatal-maternal ontogenesis. These have 
included facts, processes, and events as well 
as kinds of objects for the developing hu- 
man organism. Much of what has been pre- 
sented has been disregarded in observation 
and interpretation of the mother-child re- 
lationship and in attempts to comprehend 
the biopsychologic development of the in- 
dividual. In this respect I am in agreement 
with Balint’s appraisal (8), “The form of 
appearance drowned the essence: what pre- 
sented itself as loud, forceful, or vehement, 
has been valued as important, what hap- 
pened quietly as unimportant.” 

The material considered was initiated by 
the observation of concurrent somatic and 
psychologic manifestations in patients with 
leukemia and lymphoma. The formulations 
have developed largely through observation 
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of young children with leukemia with their 
mothers. To be sure these young patients 
are severely “regressed” both physically 
and psychologically, and their relation with 
their mothers may show distorted kinds of 
processes of relationship with the mother 
compared to the more usual child-mother 
relationship. Even so, preliminary consider- 
ation of the more usual baby-mother rela- 
tion indicates that the factors presented here 
may well be important, and to be considered 
in perspective in investigation of the 
mother-child unit. However, it should be 
noted that the processes under discussion 
present themselves not as visual or auditory 
stimuli but as tactile or kinesthetic stimuli. 
Therefore increased accuracy of vocal or 
other sound recording, or controlled obser- 
vation of the investigator will not elucidate 
these phenomena. Only by perceptive ob- 
servation of mother and own baby, mother 
and any baby, any adult and any baby, 
may evidences and inferences of these proc- 
esses of relating be derived. Further eluci- 

‘dations may eventuate through direct rela- 
tionship of the investigator with a baby. 
But an observer, camera, or sound recorder 
will not see or hear what the baby, mother, 
or investigator may be perceiving. 

In a discerning address Engel (26) sug- 
gested the probability that psychologic ob- 
servation of patients with neoplasia would 
lead to pertinent insights into psychologic 
phenomena as well as increased understand- 
ing of patients with neoplasia. He also em- 
phasized the need for some elucidation of 
the physiology of the mother-child unit. 
This inquiry has provided some start toward 
these goals. The material and formulations 
presented furnish some additional founda- 


tions for understanding the biopsychologic - 


continuum. More detailed elucidation of 
these changes and when and how they tran- 
spire I leave to others and my own further 
observations and interpretation. A main 


premise has been that there are very carly 
kinds of objects perceived by the developing 
human organism; objects discerned via so- 
matic rather than psychologic proc: sses; 
processes, biochemical and physiologic, af- 
fording to the organism affective chanves in 
the sense of variation in degree of tension 
although not necessarily differentiated into 
the categories of later affects; and both the 
object and the relationship being personal 
in that it continuously, through a varicty of 
modalities, includes a person, the infant’s 
own body and/or the mother. 

These object relationship processes hy- 
pothesized may be of importance in under- 
standing qualities of the usual patient-doc- 
tor relationship which is mutually visual, 
mutually auditory, and in addition mutually 
tactile. These considerations in addition 
may afford insight into attributes of the 
usual relationship management of medically 
sick patients and those with the more gen- 
erally appreciated psychosomatic disease. 
Initial systematic study of the therapeutic 
process with these patients has been made 
by Margolin (71, 72), Kaufman (64), and 
Engel (29). 

In another context I wish to discuss these 
formulations with respect to those derived 
by Michael and Alice Balint through their 
separate and mutual investigations (7, 8). 
Their appreciation of the earliest phases of 
object relationship has most closely approxi- 
mated what I have come to assume. The 
formulations presented afford some explana- 
tion, but may require some readjustment, 
of the hypothesis of “the oral triad” formu- 
lated by Lewin (69). Lastly, I note that the 
premises developed here do not disagree, as 
much as initial reading may suggest, with 
the original insights of Freud, in particular 
his discoveries of the functional attributes 
of man’s mental apparatus, designated the 
Id and the Ego (41). 
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ELECTROENCEPHALOGRAPHIC FINDINGS IN AGED PSYCHIATRIC 
PATIENTS’ 


WALTER D. OBRIST, Px.D. ano CHARLES E. HENRY, Px.D? 


In a previous study (13) evidence was ob- 
tained that the electroencephalogram of 
mentally healthy people changes in old age. 
The EEG’s tended to have slower dominant 
rhythms and a higher incidence of slow 
waves when compared to those of young 
adults. Individual differences, however, were 
marked, so that some persons over 90 years 
of age had normal, young adult tracings. In 
further studies (14, 15) an attempt was 
made to relate such individual differences to 
various mental and physical characteristics 
in old age. There was a tendency for the 
slower EEG’s to be associated with the pres- 
ence of cardiac and cerebrovascular disease, 
but little or no relationship to intellectual 
function could be demonstrated in nonpsy- 
chotic subjects. The present investigation 
extends these observations to aged patients 
in a mental hospital. The question was 
asked: How do individual differences in 
EEG pattern relate to psychiatric diagnosis 
and prognosis in the aged? Additional find- 
ings on the physical status of the patient 
were studied in relation to both EEG and 
psychiatric variables. 

Most of the EEG work done in gerontol- 
ogy to date has been on institutionalized 
psychiatric groups. Liberson and Seguin (6) 
noted a high incidence of slow waves in senile 
cases where mental confusion and irritability 
were prominent, and relatively normal 
EEG’s in patients suffering from delusions, 
anxiety and agitation. Luce and Rothschild 


*Read before the Annual Meeting of the So- 
ciety of Biological Psychiatry, Atlantic City, June, 
1957. This investigation was supported in part by 
research grant M-834 from the National Institute 
of Mental Health, Public Health Service. 

?From the Research Laboratories, Institute of 
Living, Hartford, Connecticut. Dr. Obrist is now 
at the Department of Psychiatry, Duke University 
School of Medicine, Durham, North Carolina. 


(7) reported that 75 per cent of aged cases 
with organic mental signs had abnormal 
EEG’s, particularly a slow alpha rhythm, 
whereas only 12 per cent with functional dis- 
turbances had abnormalities. Differences be- 
tween aged patients were also observed by 
McAdam and McClatchey (9), who found 
slow activity in the EEG associated with 
intellectual deterioration, and normal trac- 
ings associated with an absence of deterio- 
ration. The work of Mundy-Castle and co- 
workers (12) confirms the high incidence of 
theta and delta activity in psychoses of 
senility and points to the diffuse cerebral 
distribution of such waves. These authors 
found significant differences between nor- 
mal old people and psychiatric patients, al- 
though a clear EEG differentiation of pa- 
tients into diagnostic groups was not 
obtained. Silverman, Busse and Barnes (20) 
compared the EEG’s of psychiatric cases 
with those of mentally normal individuals 
in the community, and noted a positive rela- 
tion between psychologic deterioration and 
diffuse EEG abnormalities. Focal temporal 
lobe disturbances, on the other hand, were 
prevalent even among the normal old sub- 
jects and were not related to psychologic 
impairment. 

These studies suggest that the electro- 
encephalogram may be useful in differen- 
tiating organic from functional mental dis- 
orders in old age. They further suggest that 


_both the frequency of the electric activity 


and its distribution over the head are impor- 
variables in distinguishing the two types of 
illness. The present experiment was designed 
to test the validity of these assumptions. 
Results on the clinical interpretation and 
rating of the EEG are presented here. Quan- 
titative measurements, including manual 
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and electronic frequency analysis, will be the 
subject of another report. 


METHODS 


One hundred and twenty cases were se- 
lected from two mental institutions: the In- 
stitute of Living, privately operated, and 
Norwich State Hospital. All consecutive ad- 
missions over a 19 month period were studied 
at the former, with the exception of a few 
who were too disturbed for testing. Addi- 
tional subjects from the state hospital were 
studied as a means of obtaining a more rep- 
resentative sample. 

At the outset it was felt that certain types 
of disorder should be excluded in order to 
prevent factors from influencing the EEG 
that are not associated with aging or the 
usual pathology of senescence. Thus, pa- 
tients with recent head injury, recent elec- 
troshock treatment, history of brain surgery, 
or present drug or alcohol intoxication were 
omitted from the sample. Grounds for ex- 
clusion also included a history of chronic 
epilepsy and evidence of neurologic deficit 
from previous trauma, toxic state, infection, 
alcoholism or syphilis. Of the original 120 
cases, 17 were rejected for these various 
reasons, although no case was omitted on 
the basis of EEG findings. The remaining 
103 patients, 47 male and 56 female, com- 
prise the sample under study. Their ages 
range from 65 to 94 years, with a mean age 
of 75. 

Waking electroencephalograms were re- 
corded on an eight channel Grass Model 
III-D instrument. Fifteen electrodes were 
employed with both unipolar and bipolar 
techniques. Occasional mild sensory stimula- 
tion insured wakefulness of the subject dur- 
ing the test. Clinical evaluation of the EEG 
was made by one of us without knowledge of 
the patient’s psychiatric or physical condi- 
tion. Each patient’s psychiatrist was in turn 
asked to evaluate the psychiatric and physi- 
cal findings independently of the EEG. Ex- 
tensive use was made of case histories, data 
from physical and mental examinations, 


psychiatric progress notes, laboratory re- 
ports on x-rays, electrocardiograms, blood 
and urine analyses, etc. Diagnostic studies 
were made in every case within a month of 
the EEG examination. When questions arose 
concerning the physical findings, an intern- 
ist or neurologist was consulted. A total of 
30 physicians at the Institute of Living and 
Norwich State Hospital assisted in this 
phase of the study. 

Medication and history of somatic ther- 
apy were carefully recorded for every pa- 
tient. Except for exclusion of cases with 
electroshock treatment in the preceeding 6 
months, no attempt was made to control 
these variables. Consequently, 35 were tak- 
ing some kind of sedative at the time of 
EEG, 29 were on tranquilizers, 17 on cardiac 
medication, and several on a variety of mis- 
cellaneous drugs. Sedation consisted prima- 
rily of barbiturates and chloral hydrate, 
both of which may produce rhythmic fast 
activity in the EEG. Statistical treatment of 
the results, however, failed to reveal any 
systematic EEG differences between patients 
receiving sedation and those who were not. 
Tranquilizers were not subjected to special 
statistical treatment, since they were taken 
about equally in the different psychiatric 
groups. A history of earlier electroshock 
treatment was present in 16 cases, but the 
incidence of EEG abnormality in this group 
was no greater than in the remainder of the 
sample. 


Description of Subjects 

Psychiatric Status. The Diagnostic and 
Statistical Manual of the American Psychi- 
atric Association (23) was used as a basis 
for classifying subjects. Three groups were 
formed: (a) patients showing unequivocal 
evidence of brain syndrome, with or without 
accompanying neurotic, psychotic or behav- 
ioral reactions; (b) patients showing little or 
no evidence of brain syndrome, who suffered 
from various functional illnesses (“disorders 
of psychogenic origin or without clearly de- 
fined physical cause or structural change of 


TABLE 1 
Description of Sample 
Psychiatric Status | 
Functional................| 45 | 65-91 | 72 
13 | 71-89 | 78 
Brain syndrome...........| 45 | 66-94 | 77 
Total sample............| 103 | 65-94 | 75 


the brain”); and (c) doubtful, borderline 
cases who presented an equivocal psychiatric 
picture. Assignment to the first two groups 
was solely on the basis of a clear cut presence 
or absence of brain syndrome. Not all sub- 
jects, however, had such well defined symp- 
tomatology, thus necessitating the doubtful 
category. The latter consisted mostly of 
cases with depressions or delusions who gave 
the appearance of organic deterioration, but 
whose symptoms could also be explained on 
the basis of a severe emotional disturbance 
and personality disorganization. 

Table 1 shows a breakdown of the sample 
into three diagnostic groups. It should be 
noted that the two major groups, functional 
and brain syndrome, both have 45 cases, and 
that their mean ages differ by 5 years. In 
comparing the EEG’s of these two groups, it 
is desirable to rule out the effects of age. 
Subsamples were therefore formed by 
matching 28 individuals from each cate- 
gory on the basis of age. None of the sub- 
jects so matched differed by more than 3 
years, and the mean ages of the subsamples 
were identical. 

The definition of brain syndrome used in 
the present study requires fuller description. 
It was found that psychiatrists differ widely 
as to the precise meaning of the term. Ex- 
treme cases presented little difficulty, but 
many patients with mild symptoms were the 
subject of disagreement. Although this is of 
little practical consequence for therapy, it 
could produce variation in research results. 
To insure a constant rating throughout the 
sample, the following criteria for brain syn- 
drome were arbitrarily established. 

(1) Disorientation in at least one sphere. 


WALTER D. OBRIST AND CHARLES E. HENRY 


It may be episodic or appear only as a noe- 
turnal disturbance, but there must be at 
least several clear cut instances of it. 

(2) A definite history of recent memory 
impairment with defective immediate re«:i]], 
This may be associated with varying deg; es 
of deficit in remote memory. 

(3) Some evidence of intellectual dei-ct, 
involving disturbances in ability to com) re- 
hend language, to perform arithmetic «al- 
culations, to furnish information on wiely 
known topics, or properly to use abst: act 
concepts. Evaluation of these abilities was 
made relative to educational and occipa- 
tional background. 

In addition to the above criteria, which 
must all be present for a diagnosis of brain 
syndrome, certain less constant sympioms 
were used as supporting evidence: marked 
emotional lability, defects in judgment and 
deterioration of personal habits. 

Patients not fitting this description of 
brain syndrome were classified as functional 
or, when the evidence was inconclusive, as 
doubtful. Besides the gross psychiatric cate- 
gories already described, further subdivision 
of the sample was made along diagnostic 
lines. The brain syndrome group was broken 
down on the basis of presumed etiology. 
Fourteen of the 45 patients had a circulatory 
disturbance, either a cerebral vascular ac- 
cident or congestive heart failure, that ap- 
peared to be a contributing factor to their 
brain syndromes. The remaining 31 patients 
were free of obvious circulatory disturbances 
that might directly affect mental status. No 
attempt was made to differentiate arterio- 
sclerotic from senile brain disease, since these 
cannot be distinguished reliably on clinical 
grounds. All cases of brain syndrome were 

chronic, although a few with circulatory dis- 
turbances had acute confusional states su- 
perimposed. The 45 patients with functional 
disorders were subdivided on the basis of 
descriptive diagnosis. Affective disorders 
(usually depression) and paranoid reactions 
were most prevalent, accounting for 25 and 
13 patients, respectively. The remaining 7 
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were classified as “other,” a category that 
included such miscellaneous diagnoses as 
psychoneurosis, schizophrenia and adjust- 
ment reaction of late life. 

Physical Status. The majority of the 103 
patients suffered from one or several physi- 
cal ailments common at this age. For ex- 
ample, clinical evidence of cardiovascular 
disease was found in 73 per cent of the cases. 
No attempt was made, however, to restrict 
the sample in this respect. It was argued 
that such a limitation would make the re- 
sults grossly unrepresentative of the average 
aged patient. Furthermore, the incidence of 
cardiovascular disease is of interest in itself, 
especially its relation to EEG and psychi- 
atric diagnosis. A summary of the cardio- 
vascular findings is included in the results 
below. 

Neurologic signs are another frequent 
finding in this age group, and again no at- 
tempt was made to limit the sample on this 
basis. Parkinsonism occurred in 5 patients, 
and 9 patients had attacks of syncope or 
vertigo. Fourteen subjects gave isolated 
neurologic symptoms, such as a positive 
Babinski response, extrapyramidal signs or 
cranial nerve defects, that were not part of 
a clear cut syndrome or localizable disease 
process. Among the more common findings 
were symptoms associated with a cerebral 
vascular accident. There were 13 such his- 
tories, 6 of them recent, and 9 with residual 
neurologic impairment. 

Other physical disorders found in the 
sample include 4 patients with moderate to 
severe pulmonary emphysema, and 3 with 
pulmonary edema associated with congestive 
heart failure. There were no cases of active 
tuberculosis. Eight people with diabetes 
mellitus were adequately controlled by in- 
sulin and had normal blood sugars at the 
time of EEG. Another 4 subjects gave evi- 
dence of mild anemia, but none had a hemo- 
globin level of less than 10 gm. per 100 ml. 
during the investigation. A mild hyperthy- 
roid condition was present in 1 case. Three 
patients suffered from nephrosclerosis, but 


only 1 of these had evidence of uremia with 
an elevated nonprotein nitrogen level. There 
were no instances of hepatic disease. Al- 
though some of these systemic disorders are 
known to have a direct influence on the 
EEG, it is believed that their incidence and 
severity in the present sample are not suffi- 
cient to affect the results appreciably. A 
probable exception is cardiovascular dis- 
ease, which is treated statistically in the 
results that follow. 


RESULTS 


EEG in Relation to Psychiatric Findings. 
Electroencephalograms were read according 
to young adult standards and rated with re- 
spect to normality and abnormality. Pre- 
liminary observations revealed a high inci- 
dence of diffuse slow wave activity (delta 
and theta). The abnormal records were 
therefore divided into two categories: a 
group that showed diffuse slow waves be- 
tween 1 and 7 c¢.p.s., and a group that did 
not. Slow waves were considered diffuse if 
they were bilateral and involved three or 
four of the major head regions (anterior, 
posterior, lateral and central). The category 
with EEG disturbances other than diffuse 
slow activity was composed of various mild 
or focal abnormalities. Most of the tracings 
in this group showed either a slow alpha 
rhythm below 8 c.p.s. or focal slow waves. 
Focal abnormality was defined as being re- 
stricted to one or two of the major head 
regions, either unilateral or bilateral. A few 
records with asymmetry, dysrhythmia or ex- 
cess fast activity were also included in the 
latter category. 

Figure 1 presents the incidence of EEG 
abnormality in relation to diagnostic group. 
Whereas the majority of functional cases 
have normal tracings, the majority of brain 
syndrome cases have diffuse slow waves. In 
terms of predicting psychiatric status from 
EEG, 88 per cent of 32 patients with normal 
tracings have a functional disorder, and 79 
per cent of 38 cases with diffuse slow waves 
have brain syndrome. Patients with mild or 
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runctiowan 
OOUsTFUL (+13) 
ORAM SYNDROME (n= 45) 


tee SLOW WAVES 
(> 38) (We 33) 


Fic. 1. EEG findings in relation to psychiatric 
status. Number of cases is given at the top of 
each bar. x’ = 518 (p < .001). 


focal abnormalities fall about equally in the 
two psychiatric groups. A chi-square test of 
significance reveals that such findings could 
occur by chance less than 1 time in 1000. It 
is interesting that there are no normal EEG’s 
in the doubtful group, which has, instead, 
about an equal number of mild and diffuse 
abnormalities. 

As noted previously, the brain syndrome 
and functional groups have a mean age dif- 
ference of 5 years. In order to rule out the 
possibility that the above results are due to 
age differences, a comparison was made be- 
tween two subsamples of 28 individuals 
whose ages were matched. The results are 
presented in Table 2, where it is obvious that 
the trend observed in the full sample is 
maintained. Again, the chi-square test is 
significant at the .001 level of confidence. 

Variations in EEG abnormality within 


TABLE 2 
EEG Findings on Subsamples Matched for Age* 


Normal | Mild or i 
Psychiatric Status Focal Ab-| Slow 
EEG normality| Waves 


Functional............| 15 12 1 
Brain syndrome....... 1 5 22 


Total cases......... 16 17 23 
* x? = 34.3 (p < .001). 


the two major diagnostic categories are of 
special interest to psychiatry. Comparisons 
were made within the brain syndrome group 
between patients with circulatory disturb- 
ance and those without. No significant 
trends were apparent, the incidence and type 
of abnormality being approximately the 
same for both subgroups. Comparisons be- 
tween subgroups within the functional cate- 
gory also failed to show striking differences. 
There was a tendency for patients with af- 
fective disorders to have a higher incidence 
of abnormality than those with paranoid re- 
actions, but this difference was not statis- 
tically significant. 

Since theta and delta waves are the most 
common EEG abnormality encountered, an 
analysis was made of their distribution and 
localization. Table 3 indicates the number 
of patients with diffuse, focal and mixed 
distributions of slow waves. “Mixed” refers 
to a diffuse disturbance with definite focal 
accentuation. Both diffuse and mixed dis- 
tributions are more prevalent in the brain 
syndrome group, exceeding the functional 
group by 15 to 1. However, when only focal 
slow waves with no diffuse involvement are 
considered, the brain syndrome and func- 
tional groups are about equal. Considering 
slow activity of all types, the incidence 
among brain syndrome patients is 37 out of 
45, while the incidence for functional cases 
is only 10 out of 45. This difference is sig- 
nificant at the .001 level of confidence. 

Localization of focal slow waves is also 
presented in Table 3. The head was arbi- 
trarily divided into quadrants: left and right 
anterior and posterior regions. A total of 38 
patients had either focal slow waves or a 
focal accentuation of diffuse slow waves. 
Approximately three-quarters of these had 
foci in the anterior quadrants, the remaining 
quarter in the posterior quadrants. Of the 
28 patients with anterior foci, more than 
half were confined to the anterior temporal 
area. Another third involved both the an- 
terior temporal and frontal areas. Whereas 
foci confined to the anterior temporal leads 
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occurred about equally in the brain syn- 
drome and functional groups, those that in- 
yolved the frontal lobe, either alone or in 
combination with the anterior temporal, 
were 10 times more common in the brain 
syndrome group (Table 3). 

An interesting finding not shown in the 
table is the very striking difference between 
hemispheres with respect to anterior slow 
waves. Twelve of 28 were unilateral and left 
sided. There was not a single instance of a 
unilateral right sided focus. Out of 16 bi- 
lateral foci in the anterior region, 11 had a 
left sided emphasis and 5 were symmetrical. 
Again, there was no instance of a right sided 
emphasis. In contrast to these findings, slow 
waves in the posterior quadrants appeared 
over each hemisphere in about the same pro- 
portion of cases. Another interesting obser- 
vation is that foci confined to the anterior 
temporal area tend to be unilateral (10 out 
of 16), whereas those involving the frontal 
lobe are usually bilateral (10 out of 12). 
Figure 2 gives an example of an anterior 
temporal slow wave focus (see legend for a 
description of the patient). 

EEG abnormalities other than slow waves 
are listed at the end of Table 3. The inci- 
dence of these abnormalities is relatively 
low, with the exception of a slow alpha 
rhythm (less than 8 ¢.p.s.) that occurred in 
29 cases—more than a quarter of the total 
sample. Such slow rhythms were twice as 
prevalent in the brain syndrome as in the 
functional group. A similar proportion was 
obtained for the few cases with bilateral 
asymmetries in amplitude. Voltage depres- 
sion refers to a tracing of exceptionally low 

amplitude, one that has a “washed out” ap- 
pearance. More brain syndrome than func- 
tional patients also showed this type of ab- 
normality. None of the differences between 
psychiatric groups is statistically significant, 
however, possibly because of the small num- 
ber of cases involved. Dysrhythmic activity, 
_ defined as marked amplitude surging and 
frequency instability, was present about 
equally in the two major diagnostic cate- 
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TABLE 3 


Incidence and Type of EEG Abnormality 
in Relation to Psychiatric Status 


Psychiatric 
Status 


Functional 
Doubtful 


Distribution of Slow Waves 


Focal only.. 8| 7 
Mixed (diffuse ‘and focal). 1| 15 
Diffuse only. . 

Total slow waves. 0 | 37 


Location of Focal Slow Waves 


Anterior temporal only. . 5 
Both anterior and 
frontal. . 
Frontal only.. 
Total anterior*. . 
Posteriorf. . 
Total all areas. . 


Other Types of Abnormalityt 


Slow alpha rhythm......... 16 
Amplitude asymmetry... ... 
Excess fast activity......... 
Dysrhythmia............... 
Voltage depression.......... 


*Sum of all foci involving anterior temporal 
area, frontal area or both. 


f Includes parietal, occipital and posterior 
temporal areas. 


Not mutually exclusive. 


gories. The same is true for the incidence of 
excess fast activity, sedative effects taken 
into account. The only two cases of epilep- 
tiform spikes were included in the brain syn- 
drome group, one of these having followed a 
cerebral vascular accident associated with 
seizures. 

EEG in Relation to Cardiovascular Dis- 
ease. As mentioned earlier, no attempt was 
made to restrict the number of patients with 
cardiovascular disease, with the result that 
there was a very high incidence of such dis- 
orders in the sample. Seventy-three per cent 
of the 103 patients showed clinical evidence 
of pathology in some part of the cardio- 
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Fic. 2. Slow wave focus from the left anterior temporal area of an 83 year old man. The 
patient was classified as “doubtful” psychiatrically because a severe depression made evalua- 
tion of brain syndrome questionable. L, left; R, right; F, frontal; A7’, anterior temporal; 
PT, posterior temporal; O, occipital. All leads are referred to an electrode at the vertex. 


vascular system. Brain syndrome and func- 
tional groups were not significantly different, 
with 78 and 69 per cent, respectively. The 
various types of cardiovascular disorder also 
appeared with greater incidence among 
brain syndrome patients, but again, differ- 
ences between groups were quite small. 
Heart disease was the most frequent finding, 
occurring in 50 per cent of the total sample. 
X-ray and physical evidence of generalized 
arteriosclerosis was found in 40 per cent. 
Twenty-nine per cent of all cases had calci- 
fication of the internal carotid artery, and 3 
per cent showed severe peripheral vascular 
insufficiency. Hypertension (defined as pres- 
sures consistently higher than 150 mm. Hg 
systolic and 90 mm. Hg diastolic) occurred 
in 37 per cent of the sample, and was the 
only finding in which the functional group 
slightly exceeded the brain syndrome group. 
Two types of circulatory disturbance de- 
serve special attention because of their pre- 


sumed role in the etiology of brain syn- 
drome, namely, a history of cerebral vas- 
cular accident (CVA) and congestive heart 
failure at the time of examination. Of the 
13 patients with CVA’s, 10 were in the brain 
syndrome group as opposed to 1 in the func- 
tional group. All 5 cases of congestive heart 
failure were in the brain syndrome group. 
These two disorders were the only ones 
showing appreciable differences between 
psychiatric categories. 

Except for circulatory disturbances that 
probably affect the brain directly, the re- 
lation of EEG to clinical evidence of cardio- 
vascular disease is essentially negative. No 
significant EEG results were obtained with 
respect to heart disease or the presence of 
generalized arteriosclerosis. Table 4 reveals 
that two-thirds of the 28 subjects with com- 
pletely negative cardiovascular findings 
have abnormal EEGQ’s, an incidence com- 
parable to that of the total sample. Patients 
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TABLE 4 


Relation of EEG Findings to Cardiovascular 
Disease and Hypertension 


Nom: il EEG.. 

Mild or focal 
mality. . 

Diffuse slow waves.. 


Total cases........... 


with positive cardiovascular findings also 
have a high proportion of EEG abnormal- 
ities, but among these cases the absence or 
presence of hypertension appears to be a 
relevant factor. Whereas hypertensive in- 
dividuals give twice as many normal as dif- 
fuse slow wave patterns, normotensive indi- 
dividuals show a definite trend in the oppo- 
site direction. The difference between blood 
pressure groups is statistically reliable at the 
02 level. Patients with cerebral vascular 
accidents or congestive heart failure have 
predominantly abnormal EEG’s. Only 1 pa- 
tient with a CVA gave a normal tracing, 7 
showed focal slow waves, and 5 diffuse slow 
waves. Four out of 5 patients with congestive 
heart failure had diffuse slowing, the re- 
maining 1 having a slow wave focus. Taken 
together, the incidence of abnormality in 


28, 
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these two disorders exceeds expectation for 
the sample at the .02 level of confidence. 
Outcome of Illness. Follow-up studies 
were made on all patients a year after their 
EEG. Except for a few long term cases, this 
time also represents the anniversary of hos- 
pital admission. Information was obtained 
on the outcome of illness, that is, whether 
the patient had been discharged, remained 
in the hospital, or had died. A fourth cate- 
gory designated “convalescent” consisted of 
cases who were still officially enrolled in the 
hospital, but who had left to visit relatives 
or reside in a convalescent home. Although 
social and economic factors are relevant in 
many instances, the most important deter- 
mining factor of these various outcomes is 
the patient’s mental and physical progress. 
Discharged would tend to signify improve- 
ment in most cases, convalescent would in- 
dicate somewhat less improvement, whereas 
hospitalized or deceased would suggest a 
stationary or worsening course of the illness. 
Figure 3 arranges these outcomes in the 
order of their prognostic significance and re- 
lates them to the original psychiatric diag- 
nosis. Three-quarters of the functional group 
were discharged or in convalescent status at 
the end of the year. On the other hand, more 
than two-thirds of the brain syndrome cases 
had either died or remained in the hospital. 
These trends are statistically significant at 
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Fic. 3. Outcome of illness after 1 year in relation to psychiatric status. Number of cases is 


given at the top of each bar. x? = 27.1 (p. < 001). 
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TABLE 5 


Outcome of Illness after 1 Year in 
Relation to EEG Findings* 


| 

Outcome of IIL N 1 E "Focal 

ness orma EG| abnor Slow 

mality Waves 

Discharged.............. 15 14 7 
Convalescent............ 8 6 6 
Hospitalized............ 7 9 12 
Deceased. ........... 2 4 13 
Total cases........... 32 33 38 


* x? = 14.7 (p < 0.05). 


the .001 level of confidence. When age is 
held constant by comparison of matched 
groups, the same highly significant differ- 
ences are obtained. 

EEG is also related to outcome of illness 
after a year. Table 5 reveals that patients 
with normal tracings tend to be discharged 
or convalescent, whereas patients with dif- 
fuse slow waves are more likely to remain 
in the hospital or die. The intermediate 
category of mild or focal abnormalities show 
a trend similar to those with normal EEG’s, 
although not as marked. A chi-square test 
reveals that such findings could occur by 
chance less than once in 20 times. 


Illustrative Cases 


Case 1. 91 year old woman with paranoid re- 
action. The patient is a widow who has been 
living alone for the past 30 years. During this 
time she became increasingly suspicious of her 
neighbors, until 2 years ago she developed frank 
delusions, thinking that people were plotting to 
rob and murder her. This was accompanied by 
occasional auditory hallucinations. She enjoyed 
good physical health and was quite capable of 
keeping house for herself. Immediately before 
hospitalization the paranoid symptoms became 
worse, culminating in an episode of panic during 
which she ran into the street screaming. 

Physical examination revealed a well preserved 
elderly woman looking 10 years younger than 
her stated age. Nutritional status was satisfac- 
tory. Cardiovascular studies were essentially 
negative, except for mild hypertension (180/100) 
and a slight increase in transverse diameter of 
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the heart. Peripheral arteries showed minimal 
signs of arteriosclerosis. The only positive neuro- 
logic finding was moderate deafness. Blood and 
urine were completely normal. 

Mental examination showed the patient to be 
oriented in all three spheres. Memory for remote 
events was considered “good,” and for recent 
events “excellent.” She appeared alert, ~poke 
coherently, was well informed, and had no dif- 
ficulty with tests of abstraction. Her personal 
habits were described as neat, and she wis co- 
operative to hospital routine. The delusions re- 
garding her neighbors were expressed wit!: con- 
siderable conviction, although no new trends or 
hallucinations were apparent. The patient ex- 
hibited much anxiety about the security of her 
personal possessions. In spite of a mild interest 
in her surroundings, she generally gave tlie ap- 
pearance of sadness and frequently expressed the 
wish to go home. 

A diagnosis of brain syndrome was considered 
and rejected for lack of clear cut evidence. A 
final diagnosis of paranoid state was assigned. 
During the next year the patient remained in 
the hospital, where she continued to show de- 
lusional trends without appreciable insight. Be- 
cause of her advanced age, and because there 
was no one to care for her, further hospitaliza- 
tion was considered necessary. 

Figure 4 shows a sample of this patient’s EEG 
(upper tracing). There is a well developed alpha 
rhythm of 9 c.p.s. over the occipital area. In the 
temporal region, rhythmic 7 to 8 c.p.s. activity 
is common. Isolated theta waves also appear from 
the temporal leads, bilaterally. Because of the 
latter, the record was rated as mildly abnormal 
according to young adult standards. The signifi- 
cant feature of this EEG, in contrast to the fol- 
lowing one, is the preponderance of frequencies 
in the normal alpha range and the absence of 
diffuse slow waves. 

Case 2. 98 year old woman with chronic brain 
syndrome. The patient was in good mental health 
until 6 years ago when, following the death of her 
husband, she decame confused, agitated, delu- 
sional and hallucinatory. Her symptoms were 
especially marked at night, when she was noisy 
and wandered aimlessly about in a disoriented 
fashion. The illness progressed until 3 years ago, 
at which time she was admitted to the hospital 
in a delirious state. 

Physical examination revealed a feeble woman 
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Fia. 4. Top four lines: 91 year old woman with paraniod reaction. Bottom four lines: 93 
year old woman with chronic brain syndrome. F, frontal; M, motor; P, parietal; O, occipital ; 
A-PT, anterior to posterior temporal. Only recordings from the left hemisphere are shown. 


of advanced years in fair nutritional status. Evi- 
dence of arteriosclerotic heart disease was found, 
including cardiomegaly, auricular fibrillation and 
occasional basilar rales; the patient had been 
taking digitalis for several years before admis- 
sion. Dyspnea was present with exertion, but 
there was no dependent edema or angina. She 
had a blood pressure of 130/90. Both x-ray and 
physical examination revealed advanced general- 
ied arteriosclerosis; extremities were sometimes 
cyanotic. A skull film showed calcification of the 
internal carotid arteries. Neurologic findings were 
essentially negative, except for a history of syn- 
copeal attacks associated with altered cardiac 
function. During the course of hospitalization the 
patient experienced several periods of dependent 
edema, which responded well to bed rest and 
medication. At the time of the EEG she had no 
signs of cardiac decompensation. Blood and urine 
were within normal limits. ei 


Mental examination showed the patient to be 
completely disoriented for time and place and 
partially disoriented for person. Memory was 
very poor for both recent and remote events. 
Adequate tests of intellectual function could not 
be carried out because her speech was irrelevant 
and incoherent, with frequent perseveration and 
confabulation. During the interview the patient 
revealed marked emotional lability. Episodes of 
resistiveness and assaultiveness made nursing 
care difficult at times. Personal habits were de- 
scribed as untidy, with occasional incontinence. 

The final diagnosis was chronic brain syndrome 
associated with cerebral arteriosclerosis. A cir- 
culatory disturbance due to poor cardiac function 
was considered a contributing factor. The pa- 
tient remained in the hospital for 15 months 
after her EEG, when she died of congestive 
heart failure. 

Figure 4 presents a sample of this patient’s 
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waking EEG (lower tracing). The record is 
dominated by 2 to 3 ¢.p.s. delta waves that often 
exceed 100 pv. The slow activity is diffuse, ap- 
pearing from occipital, central and temporal 
leads, bilaterally. Superimposed on these slower 
waves is a 5 to 6 c.p.s. theta rhythm, seen best 
over the frontal area. This EEG was rated as 
severely abnormal with diffuse slow waves. It is 
significant that there is little or no activity in the 
normal range of frequencies. 


DISCUSSION 


The results indicate that within certain 
limits the electroencephalogram can be used 
to differentiate functional and organic men- 
tal disorders in old age. When the EEG is 
normal or severely abnormal with diffuse 
slow activity, correct identification of the 
psychiatric category is possible in a high 
proportion of cases. EEG’s with mild or focal 
abnormalities, however, tend to be equivocal. 
These findings are based on a psychiatric 
classification set forth by Roth (18). The 
hypothesis was made that affective and 
paranoid disorders in old age are distinct 
nosologic entities independent of cerebral 
degeneration. Traditionally, psychiatrists 
have regarded such disorders as part of the 
symptom picture of senile degenerative dis- 
ease or its prodromal signs. Without arguing 
the validity of such a proposition, evidence 
is presented that affective, paranoid and 
other functional reactions can be distin- 
guished by EEG from disorders in which 
mental deterioration is the primary symp- 
tom. This differentiation depends upon a 
strict definition of brain syndrome that uti- 
lizes signs of intellectual deficit as the prin- 
ciple criteria. In the present study, patients 
whose symptoms did not meet these criteria 
were automatically considered to have a 
functional disorder, regardless of the nature 
of their symptoms. It is interesting that 
Mundy-Castle et al. (12) were able to dem- 
onstrate a clear relation between incidence 
of EEG abnormality and severity of senile 
dementia (based on memory, orientation, or- 
ganization of thought), but were unable to 
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differentiate the various psychiatric diag- 
noses by EEG. This suggests that their «| iag- 
noses depended upon considerations (her 
than the presence or absence of mentai de- 
terioration. Using orientation, memory and 
stream of talk as diagnostic criteria, | ce 
and Rothschild (7) found rather stri<ing 
EEG differences between groups of el: erly 
functional and organic patients. Recc itly, 
Barnes et al. (2) employed a conce})' of 
brain syndrome similar to the one desc: ibed 
here, and obtained EKG results on age:' pa- 
tients that are in essential agreement with 
the present study. 

Although brain syndrome and functional 
disorders are associated with characteristic- 
ally different EEG’s, no trends were ob- 
served in relation to diagnostic subgroup 
within each of these two broad categuries. 
Patients with affective or paranoid reactions 
had very similar tracings. This is in keeping 
with the general conclusion that the ERG is 
not capable of differentiating various non- 
organic illnesses (3). Similarly, the pre- 
sumed etiology of brain syndrome (absence 
or presence of circulatory disturbance) did 
not appear to be related to the EEG, which 
is also consistent with previous observations 
(17). If serial recordings had been made, it 
is possible that some of the abnormalities 
encountered would have been found revers- 
ible, especially in patients with more acute 
manifestations of brain syndrome (4). 

Not only are the EEG’s in various func- 
tional illnesses quite similar; they also tend 
to be the same as those of normal control 
subjects. Maggs and Turton (8) have shown 
that tracings of aged patients with affective 
disorders do not differ from normal old 
people. Barnes et al. (2) noted that elderly 
hospitalized patients with functional dis- 
orders have slightly fewer abnormalities 
than a comparable healthy group in the 
community. These findings are tentatively 
supported by a comparison of the present 
sample of functional cases with mentally 
normal aged subjects in a previous study by 
one of the authors (13). This group had 
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practically the same incidence of EEG ab- 
normality as the functional cases described 
here ‘around 38 per cent), and most of them 
showd similarly mild deviations from nor- 
mal. 

The results suggest that diffuse slow wave 
activity is the most reliable EEG index of 
ment::1 deterioration. Recently, Weiner and 
Schu-ter (22) and McAdam and Robinson 
(10) reported a correlation between severity 
of intellectual impairment and amount of 
slow activity. Quantitative measurements 
made in the present study tend to confirm 
this, and will be published at a later date. 
Although not statistically significant, a slow 
alpha rhythm was twice as prevalent in the 
brain syndrome as the functional group, 
which is consistent with an earlier finding 
(7). Also as noted previously (20) , focal slow 
waves alone were not related to psychologic 
deterioration, since they occurred about 
equally in the two major diagnostic groups. 
The present investigators were unable to 
confirm the large amount of fast activity 
observed by Mengoli (11), or the high per- 
centage of paroxysmal dysrhythmia de- 
seribed by Sheridan et al. (19). The latter 
diserepancy may be due to differences in the 
definition of “paroxysmal dysrhythmia.” 

One of the more striking results is the pre- 
ponderance of slow wave foci from the an- 
terior temporal area, especially their greater 
occurrence in the left as opposed to the right 
hemisphere. Because the EEG’s were read 
with knowledge of the previous work of 
Silverman et al. (20), the possibility of a 
bias toward seeing foci in this region cannot 
be excluded. An interesting aspect of the 
findings here is the frequent concomitant 
occurrence of slow waves in the anterior 
temporal and frontal areas. Strauss et al. 
(21) have emphasized the susceptibility of 
the temporal lobes to EEG disturbances re- 
sulting from lesions almost any place in the 
cerebral hemispheres. They note that frontal 
lesions frequently produce foci that are con- 
fined to the temporal area, and state that 
when both regions are involved electrically, 


the pathology is more apt to be in the frontal 
lobe. This suggests that the frontal area may 
play as great or even a greater role than the 
temporal area in the production of EEG ab- 
normalities in old age. 

The incidence of cardiovascular disease 
obtained here is higher than that reported by 
Kay and Roth (5) for aged mental patients. 
This is probably because less strict criteria 
were employed in the present study, with 
many mild or borderline cases included. If 
the severity of cardiovascular disease had 
been taken into account, a clearer relation 
to psychiatric status and EEG might have 
been obtained. In this connection it is sig- 
nificant that all 5 cases of congestive heart 
failure and 10 out of 13 patients with a cere- 
bral vascular accident were in the brain 
syndrome group, and all but 1 of these in- 
dividuals had abnormal EEG’s. The pre- 
sumption is that such disorders directly 
affect cerebral hemodynamics to bring about 
the observed behavioral and electrographic 
changes. 

Although inferences about cerebral circu- 
lation based on clinical evidence must be 
made with extreme caution, it would ap- 
pear that circulatory disturbances cannot 
account for all of the EEG abnormalities 
encountered in the present sample. Twenty- 
eight subjects had completely negative car- 
diovascular examinations, and these cases 
gave as high an incidence of EEG abnor- 
mality as those with positive findings. This 
contradicts previous results on mentally nor- 
mal old people (15), where significant differ- 
ences were obtained between individuals 
with and without clinical signs of cardio- 
vascular disease. It suggests that, in aged 
psychiatric patients, factors other than dis- 
turbances in circulation contribute to the 
production of EEG abnormalities. 

The finding that hypertension is associ- 
ated with less EEG abnormality than is nor- 
mal blood pressure must be regarded as very 
tentative. Most patients designated as hy- 
pertensive had only mild elevations of pres- 
sure (150 to 200 systolic and 90 to 110 dias- 
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tolic), and some of these readings probably 
reflect emotional factors during the exami- 
nation. Although thorough clinical studies 
were lacking in many cases, it is believed 
that only a small proportion of patients had 
malignant hypertension. No subject showed 
signs of hypertensive encephalopathy. The 
results suggest that mild elevations in blood 
pressure may be a factor in the preservation 
of normal cerebral potentials, possibly by 
maintaining adequate blood flow. Further 
work is needed to clarify this point. It 
should be noted that Maggs and Turton (8) 
did not find a relation between EEG and 
blood pressure in aged patients with affec- 
tive disorders. 

With regard to outcome of illness, the 
work of Roth (18) has been essentially con- 
firmed. Not only is progress of elderly pa- 
tients related to psychiatric status, but there 
is also a tendency for it to be correlated with 
EEG findings (24). The latter, however, is 
not of sufficient magnitude to be of great 
value prognostically in individual cases. It 
is possible that the EEG may be useful in 
predicting the outcome of electroshock ther- 
apy in the aged, a treatment showing some 
proroise in geriatric psychiatry (16). Pre- 
liminary results on 20 cases reveal that pa- 
tients with diffuse slow activity respond 
poorly and are likely to develop marked 
symptoms of confusion. 

The present cross-sectional investigation 
poses many questions concerning the origin 
and development of EEG abnormalities in 
old age. One reasonable hypothesis is that a 
slow alpha rhythm or a focal slow pattern 
precedes the occurrence of diffuse slow 
waves, and that in chronic illnesses there is 
a gradual progression from one type of ab- 
normality to the other. Longitudinal studies 
on normal old people are now being under- 
taken by the authors in an attempt to shed 
light on this hypothesis. Similarly, the re- 
lation of EEG to cerebral blood flow and 
metabolism requires investigation. It is 
hoped that work currently in progress on 
this subject may answer some of the ques- 
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tions raised by the EEG findings in cardio- 
vascular disease. A very intriguing problem 
is the not infrequent observation that se- 
verely deteriorated patients may have per- 
fectly normal EEG’s, or that psychologically 
well preserved individuals may have «ross 
abnormalities. A few instances of both types 
were found in the present study, and similar 
cases have been reported elsewhere (1). At- 
tempts have already been made to rvlate 
the electroencephalogram to underlying 
neuropathology in the aged (19). Mucl: fur- 
ther research is need in this important «rea. 


SUMMARY 


Electroencephalograms were recorded on 
103 psychiatric patients between 65 and 94 
years of age. Forty-five of these presented 
clear cut evidence of brain syndrome; an- 
other 45 suffered from functional disorders; 
the remaining 13 had an equivocal psychi- 
atric picture. 

A high incidence of diffuse slow wave ac- 
tivity (delta and theta) was found in the 
brain syndrome group. The functional cases, 
on the other hand, had a significant number 
of normal tracings. Uncomplicated focal 
slowing did not appear to be related to psy- 
chiatric diagnosis. Localization of focal ab- 
normalities was predominantly anterior, 
with more frequent involvement of the left 
hemisphere. 

Nearly all patients with cerebral vascular 
disease or congestive heart failure showed 
EEG abnormalities. However, the EEG was 
not related to generalized arteriosclerosis or 
to the presence of cardiac disorders that were 
adequately compensated. There was a tend- 
ency for cases of mild hypertension to have 
normal tracings. 

Outcome of illness was related to both 
psychiatric diagnosis and EEG findings. A 
significant proportion of patients with brain 
syndrome and diffuse slow waves remained 
in the hospital or died within a year. The 
majority of patients with functional dis- 
orders and normal EEG’s were discharged 
or placed on convalescent status. 
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The above findings are in general agree- 
ment with several earlier studies. The impli- 
cations of this work for geriatric psychiatry 
are discussed. 


Acknowledgments. We are indebted to the 
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sible. 
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THE EFFECT OF MEPROBAMATE ON THE 
ELECTROENCEPHALOGRAM! 


CHARLES E. HENRY, WALTER D. OBRIST, Px.D. 


Although the behavioral changes asso- 
ciated with the use of tranquilizing agents 
have been extensively described, the neuro- 
physiologic basis of such behavior is as yet 
poorly understood. Indeed, the failure to 
find consistent or clearly identifiable effects 
on such measures as the EEG has been dis- 
appointing. This has led to an assumption, 
based in part on clinical evidence, that such 
compounds exert their effect on subcortical 
centers, notably in the region of the dien- 
cephalon and the reticular formation. Direct 
evidence, particularly in man, has been dif- 
ficult to come by. 

‘Meprobamate (Equanil, Miltown), a de- 
rivative of mephenesin, is reported to act 
upon thalamic and internuncial circuits. We 
were, therefore, surprised to note that this 
~ drug has an easily detectable effect on the 
EEG. This takes the form of rhythmic fast 
activity of a type very similar to that char- 
acteristically associated with barbiturates. 
The changes are of some interest to the elec- 
troencephalographer, for if not identified, 
such patterns may be given undue weight 
in clinical work. 


METHODS 


Routine clinical EEG’s were recorded on 
100 hospitalized psychiatric patients receiv- 
ing meprobamate for therapeutic purposes. 
Fifty of these patients were taking mepro- 
bamate on a chronic daily regime uncompli- 
cated by other medications. The remaining 


50 were unavoidably contaminated by a va- 


riety of other drugs. The range of dosage 
varied widely with clinical requirements; no 


* Read before the Annual Meeting of the So- 
ciety of Biological Psychiatry, Atlantic City, June, 
1957. A preliminary report was presented at a 
meeting of the Eastern Association of Electroen- 
cephalographers, Sept. 30, 1956, (5). 

*Institute of Living, Hartford, Connecticut. 


placebos were administered. The effect of g 
single dose of meprobamate was stucied in 
an additional 15 patients who receiv:d the 
drug during the EEG examination. (ne or 
more control records were available or 30 
of the total 115 patients. 

All recordings were made on a Grass 
Model III eight channel console, wit!: both 
scalp-to-scalp and scalp-to-ear conibina- 
tions derived from our basic 16 lead proce- 
dure. The electroencephalographer wis usu- 
ally aware of the medication. 


RESULTS 


Figures 1 and 2 illustrate the type of fast 
activity associated with meprobamate. It 
usually ranges from 20 to 25 per second at 
approximately 25 wv. amplitude, although 
records with higher voltages as well as faster 
frequencies are not uncommon. These rapid 
waves are rhythmic and well organized and 
are generally more easily seen in the ante- 
rior and central head regions. They are not 
a “drowsy” pattern. 

Table 1 shows the overall incidence of 
records with fast activity in relation to the 
chronic maintenance dose of the drug. There 
is a steady increase in the number of such 
tracings with increased amounts of medica- 
tion. 

Table 2 gives the distribution of fast ac- 
tivity as rated on a four point scale, using 
normal physiologic activity as a standard. 
The cases of no or slight effect tend to be 
clustered at lower dosage levels, whereas the 
cases of moderate or pronounced effects tend 
to be grouped at higher dosage levels. This 
trend is statistically reliable at the .02 
level of confidence. 

Because of the inability to establish clas- 
sical control conditions for patients on 
chronic meprobamate, we explored the effect 
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TABLE 1 
Incidence of Fast Activity in Patients on Mepro- 
bamate Uncomplicated by Other Drugs 


Dosage No. Cases ae =. 
grt. % 
<1.6 7 71 
1.6-1.8 17 76 
2.0-2.8 11 91 
3.2 plus 15 100 
Total group....... 50 86 

TABLE 2 


Dosage Level in Relation to Amount of Fast Activity 
50 Patients on Chronic Meprobamate Only 


Amount of Fast Activity* 

Dosage 

wone | | Mod, | Pro, 
gm. 
<1.6 2 4 1 0 
1.6-1.8 + 8 + 1 
2.0-2.8 1 8 1 1 
3.2 plus 0 2 8 5 


* x? = 5.53 (p <.02); based on a2 x 2 table ob- 
tained by combining categories (d.f. = 1). 


TABLE 3 
Acute Effect of 2.0-3.2 gm. Meprobamate by Mouth 
Increase in Fast Activity 
Total Cases 
None Slight Moderate 
2 5 5 12 
TABLE 4 


Incidence of Fast Activity in Patients on Chronic 
Meprobamate Contaminated by Other Drugs 


Source of Contamination | No. Cases | with 
% 
Barbiturates......... 20 80 
Chloral hydrate. ..... 12 92 
Doriden............. 6 100 
Total group....... 50 84 


of a single dose in acute experiments (Fig. 
2). Twelve patients were given 2.0 to 3.2 
gm. by mouth with continuous EEG record- 
ing. As Table 3 indicates, 10 of these pa- 


tients showed increased rhythmic fast ae. 
tivity over their control tracing, the shift 
being slight in half and moderate in the re. 
mainder. The changes were observed after 
only 15 minutes in one patient, but were 
usually delayed from 30 minutes to 1 hour, 
Again, the effect was first apparent and 
best defined in the anterior head regions, 
It was still present at the end of 2 hours 
when the record was terminated. 

Many patients became drowsy during the 
prolonged examination, but care was taken 
to distinguish EEG signs of drowsiness from 
the more specific effects of the drug. Asso- 
ciated changes in blood pressure were not 
remarkable. Some patients showed an in- 
creased complexity of response to high in- 
tensity photic stimulation. 

Although the preferred route of adminis- 
tration is by mouth, we examined the effect 
of intramuscular injection in three patients. 
The available dilute solution (80 mg. per 
ec.) limits the amount that may be given. 
One patient with 800 mg. showed no effect. 
Two patients with 400 and 800 mg,, re- 
spectively, showed a minimal increase in 
fast activity. 

The effect of chronic meprobamate com- 
bined with other drugs is shown in Table 4. 
The first three rows include drugs that are 
known to induce fast activity in the EEG. 
It will be noted that even with the addition 
of barbiturates, the effect is similar to that 
seen with meprobamate alone. The overall 
incidence of fast activity is essentially iden- 
tical for the contaminated and pure experi- 
mental groups (compare Tables 1 and 4). 


DISCUSSION 
The original reports by Berger and his 


- colleagues (1, 2, 4) stressed the thalamic 


site of action of this compound in animals, 
with an inhibitory effect on thalamic and 
interneuronal circuits. Doses of 20 mg./kg. 
in the cat synchronized the spontaneous ac- 
tivity of the thalamus, with electrocortical 
changes (slowing) seen only with very large 
doses. 
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The first report dealing with increased 
fast activity in man from meprobamate ap- 
pears to be that of Miletto et al. (6), who 
deseribe a generalized fast pattern resem- 
bling a barbiturate effect. Our independ- 
ently conceived study is in agreement. The 
paper by Glotfelty and Wilson (3) specifi- 
cally mentions a search for fast activity in 
frontal and temporal regions, none being 
found. The recent study by Tucker and 
Wilensky (7) reports definite fast activity 
in 56 per cent of their schizophrenic pa- 
tients. 

In our experience this pattern is clearly 
discernible in the majority of cases. We 
have a smaller series from a general hos- 
pital population showing the same changes. 
On several occasions involving diagnostic 
EEG workup on patients allegedly without 
medication, a pronounced and unexpected 
fast rhythm was seen. Further investigation 
disclosed that the patient was taking me- 
probamate, at times self-administered. This 
is, of course, a serious complicating factor 
in clinical EEG work; our laboratory now 
makes special inquiry regarding all tran- 
quilizing agents. 


SUMMARY AND CONCLUSIONS 


We have repeatedly noted a clear in- 
crease in rhythmic fast activity in patients 
on meprobamate, the changes being more 
pronounced with higher doses of the drug. 
Fifty uncomplicated cases showed excess 
fast activity in 86 per cent of the EEG’s. 
Another group of 50 cases contaminated by 


other drugs had an incidence of 84 per cent. 
Ten out of 12 cases receiving a single acute 
dose by mouth showed increased fast ac- 
tivity. This effect, which resembles that seen 
with barbiturates, thus represents an impor- 
tant variable in clinical electroencephalog- 
raphy. 
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. THE EFFECTS OF TWO ANTISEROTONIN SUBSTANCES 
(BAS AND BAB) AND OF BUFOTENIN ON THE 
SPONTANEOUS ELECTRIC ACTIVITY 
OF THE BRAIN‘ 


FRANCO RINALDI, M.D? 


BAS, or benzyl analog of serotonin (1- 
benzyl-2,5-dimethylserotonin), is a sub- 
stance possessing marked antiserotonin 
properties in vitro and in vivo (23). BAS 
has been administered to human patients 
as an antihypertensive agent by Wilkins 
and Hollander (26). These authors report 
that a frequent side effect of BAS is marked 
sedation or tranquilization; the patients feel 
relaxed and are often sleepy. Rudy and col- 
laborators (19) have tested the action of 
BAS as a tranquilizer in chronic psychotic 
patients. It is in association with this study 
that the effect of BAS on the EEG of human 
subjects and on the electric activity of the 
brain of rabbits has been investigated. 

_ BAB, or benzyl analog of bufotenin (1- 
benzyl-2 ,5-dimethylbufotenin), is another 
powerful antiserotonin agent (24) which has 
also been tested clinically for hypotensive 
action by Wilkins and Hollander (quoted 
by Shaw and Woolley). BAB, kindly sup- 
plied by Dr. D. W. Woolley, has also been 
studied as to its effects on the electric ac- 
tivity of the brain in rabbits. A similar in- 
vestigation has been conducted using bufo- 
tenin, the substance from which BAB is 
derived, and which is reported to be hallu- 
cinogenic (6). 


METHODS 
Studies in Rabbits. The experiments were 


made on adult albino rabbits, unanesthe- - 


tized, noncurarized and adequately re- 
strained to immobilize the head for the im- 
plantation and fixation to the skull of brain 


* Read before the Annual Meeting of the So- 
ciety of Biological Psychiatry, Atlantic City, June, 
1957. 

? Galesburg State Research Hospital, Galesburg, 
Illinois. 


electrodes. Stainless steel electrodes were 
used and, for their placement in subcortical 
structures, the stereotaxic planes of refer- 
ence of Sawyer and collaborators (20: were 
followed. The recording was done by :ueans 
of an eight channel Grass electroence} halo- 
graph. 

All substances were administered intra- 
venously. BAS was injected as a solution 
containing 2 mg. per cc. prepared by Squibb 
and Sons, in amounts of 2 mg. per kg. each 
injection, repeated at intervals of not less 
than 15 minutes until the total dosage re- 
ported below with the results was reached. 
BAB was administered in the same way but 
employing a 10 mg. per cc. solution in dis- 
tilled water. Bufotenin monooxalate was 
given as a solution of 1 mg. per ce. in 
amounts of 300 yg. per kg. for each injection. 

Studies in Man. Electroencephalographic 
examinations were done in 15 chronic schiz- 
ophrenic patients during treatment with 
BAS and also off treatment. The patients 
belonged to the group studied by Rudy and 
collaborators (19). The EEG recording was 
done in the routine fashion employed for 
diagnostic purposes. The patients were 
given BAS orally, and when each was re- 
ceiving the maximum daily dosage which 
varied from 50 mg. q.i.d. to 100 mg. q.id., 
the electroencephalogram was recorded. 

During BAS treatment most of the pa- 
tients were quiet and cooperative enough to 
permit an electroencephalographic record to 
be made without the use of a sedative, but 
when off treatment many of our subjects 
had to be sedated (secobarbital, 1% to 3 
gr. orally or 1% gr. im.) before a satisfac- 
tory electroencephalographic record could 
be obtained. Since the use of secobarbital 
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for the control record alone might invalidate 
the comparison between such records and 
those with BAS alone, three series of records 
were ade: one control series without BAS 
and with or without secobarbital, as found 
necessary, a second series during treatment 


with AS alone, and a third one with BAS 


plus secobarbital. 


RESULTS 


Spontaneous Electric Activity of the 
Normal Rabbit Brain. Some of the electric 
phenomena observed under the influence of 
the experimental drugs are not diffuse al- 
terations but changes limited to certain 
structures. Therefore, it is necessary to il- 
lustrate first the electrographic patterns 
commonly recorded from the nervous cen- 
ters in question under control conditions 


(mechanically restrained, unanesthetized 
animals). 

In Figure 1 an example of such a normal 
pattern is given; at the beginning of the 
record is shown a synchronized pattern usu- 
ally termed “sleeping.” In the motor cortex, 
slow waves and 14 c.p.s. spindles predomi- 
nate, while in the visual cortex high voltage 
(200 to 300 nv.) slow waves are present; in 
the hippocampus large amplitude (200 to 
300 pv.) slow waves with fast “riding” fre- 
quencies of smaller voltage; in the subcorti- 
cal structures, amygdala, putamen, and re- 
ticular formation of the midbrain, the 
recorded activity is of low voltage (20 to 
50 wv.) and predominantly fast (bands 16 
to 18, 22 to 24, and 30 to 32) as represented 
in Figure 1. At the arrow the animal was 
touched lightly and an “alerting” reaction 


| sec. 


Fic. 1. Control record of the electric activity of various structures of the rabbit brain. 
Bipolar recording in series. Leads as indicated. The bottom tracing is an ECG lead. 

(Key to the abbreviations in all figures: Amy., amygdaloid nucleus; Ret., lateral reticular 
substance of the midbrain tegmentum ; Mot. ctx., motor cortex; Vis. ctx., visual cortex; Put., 
putamen ; Hippo., hippocampus; Sep., septum; R.., right; L., left; ECG, electrocardiogram.) 
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occurred with the appearance of the “alert” 
or desynchronized pattern. The chief char- 
acteristics of electrographic alertness are: 
(a) suppression of the high amplitude slow 
waves and 14 c.p.s. spindles in the cortical 
leads and appearance of low voltage fast 
frequencies; (b) substitution of the random 
slow waves of the hippocampus with a regu- 
lar 5 to 7 c.p.s. rhythm (hippocampal theta 
rhythm of Arduini and Green); (c) little 
change in the rhythm of other subcortical 
centers consisting in some intensification of 
the fast activities and appearance of 5 to 
7 ¢.p.s. waves synchronous with those in the 
hippocampus. In bipolar recording the am- 
plitude of these waves seems to be related 
to the orientation of the electrodes in the 
field of the hippocampal generator. 

Effects of BAS on the Electrographic Ac- 
tivity of Rabbit Brain. Amounts of BAS up 
to 6 mg. per kg. do not affect significantly 
the above described picture or alter the rela- 
tive proportions and alternation of sleeping 
and alert periods. Additional administration 


~ of BAS introduces a typical electrographic 


picture which is fully developed after dose 


levels of 10 to 14 mg. per kg. have been 
reached. 

In Figure 2, three strips of record are pre- 
sented. The left one illustrates the control 
pattern of sleep; the right one, a control 
pattern of alertness; the central strip shows 
the effect of 10 mg. per kg. of BAS. All leads 
except those from the hippocampus show an 
activity similar to that seen normally in the 
EEG alert periods. This is a change which 
takes place gradually with increasing cusage 
and finally becomes permanent. In th. hip- 
pocampus the normal patterns have wider- 
gone a profound disorganization: the regu- 
lar, well synchronized 5 to 7 c.p.s. rhythm, 
which is to be expected simultaneously with 
“alertness” in the cortical record, ceases to 
be the chief characteristic. Instead the hip- 
pocampus shows a random mixture oi slow 
waves, some 5 to 7 c.p.s. rhythm, and 
pointed high voltage waves accompanied by 
bursts of faster “spikes.” The two latter 
convulsive-like phenomena project now and 
then to the cortex. Occasionally the high 
voltage pointed waves appear in groups of 
4 to 5 elements with amplitude up to 500 


Control , 


Contre) , alert 


Fic. 2. Effect of BAS (10 mg./kg.) in the rabbit; middle record. The record to the left 
rt example of the normal “sleeping” pattern and the record to the right shows the normal 
“alert” pattern. 
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BL FR-2 


BAS 10 =g./Kg 


Fic. 3. Effect of BAS (10 mg./kg.) in the rabbit. The leads are: (1) left motor cortex; 
(2) right motor cortex; (3) right-left caudate nuclei (bipolar); (4) right-left limbic cortex 
(bipolar); (6) right hippocampus; (6) left hippocampus; (7) right-left anterior thalamic 


nuclei; (8) ECG. 


uv. (Fig. 3). Such paroxysmal discharges 
may occur frequently, especially after the 
administration of larger amounts of BAS. 
But a fully convulsive pattern is never seen 
to develop, nor do convulsive movements or 
other phenomena accompany or follow these 
hippocampal discharges. The largest 
amounts of BAS administered were 24 mg. 
per kg. 

The drug has a definite effect on the 
heart: moderate amounts (up to 6 mg. per 
kg.) produce bradycardia; larger doses 
change the shape of the ECG altering the T 
wave and the origin of the S-T segment. 
These ECG changes are especially evident 
during the first few seconds immediately 
following each intravenous additional dose. 
After 15 mg. per kg. alterations of the ECG 
become more severe and long lasting. 

Effect of BAS on the Electroencephalo- 
gram of Psychotic Patients. In 12 out of the 
15 patients examined, no noticeable modifi- 


cation of the EEG appeared during treat- 
ment; this is equally true of both the wak- 
ing and sleeping EEG records. It was 
noticed that while on BAS the patients were 
generally more quiet and cooperative and 
would fall asleep during the test without the 
use of other sedatives. 

In three patients only was a change in the 
EEG noted. The control record of these sub- 
jects showed a dominant alpha rhythm of 
fairly large amplitude and markedly re- 
sponsive to the Berger arrest reaction on 
opening the eyes. During BAS treatment the 
amplitude of the alpha rhythm was greatly 
diminished with irregularity of shape and 
tendency toward slowing. This is shown in 
Figure 4 in the BAS record; at closure of 
the eyes a clear increase in voltage of the 
fundamental activity fails to develop. Such 
changes induced by BAS did not seem to 
appear in all subjects with a dominant 
alpha in the control record; for 2 of the 12 


7 Tsec 
in 


CONTROL BAS 


Fia. 4. Effect of BAS on the electroencephalogram of chronic psychotic patients. The left 
record was taken before treatment with BAS; the right record was made when the patient 


was receiving daily 300 mg. of BAS orally. 


- patients who showed no EEG changes under 


BAS had control EEG’s of the dominant 
alpha type. 

Effects of Bufotenin on the Spontaneous 
Electric Activity of Rabbit Brain. The in- 
travenous administration of 300 yg. per kg. 
of bufotenin in the rabbit is immediately 
followed by a series of physiologic phenom- 
ena all related to intense stimulation of 
smooth musculature of various body sys- 
tems: emission of intestinal gas and defeca- 
tion; wheezing respiration from broncho- 
constriction; vasoconstriction denoted by 
the pallor, but not cyanosis, of the pinna of 
the ear, with obvious narrowing of all vis- 
ible blood vessels. The injection of bufo- 


tenin has an immediate effect on the heart; 


a heart arrest develops in 0.5 to 1.0 second 
and lasts 1 to 3 seconds, and is probably 
produced by a vagal reflex because it is en- 
tirely prevented by atropine. Within a pe- 
riod of 1 to 2 minutes after the injection 
these signs disappear and the heart resumes 
a regular rhythm obviously bradycardiac. 


Examination of the electric cerebral activ- 
ity following the injection of bufotenin (0.3 
to 3 mg./kg. total dosage), and for long 
periods (1 hour) after the peripheral effects 
have subsided, reveals an enduring change. 
The slow waves and the 14 c.p.s. spindles of 
the sleeping pattern disappear permanently 
(Fig. 5, left strip). All leads show an ac- 
tivity apparently identical with those of an 
alert record. The hippocampal _ theta 
rhythm, in the absence of alerting stimula- 
tion, is of low voltage and at the lower limit 
of its usual frequency range (5 to 7 ¢.p.s.). 
Nevertheless, an alerting stimulus can still 
induce a noticeable change. In Figure 5 is 
shown the effect of barely touching the ani- 
mal. The alerting effect exerted on an ac- 
tivity already desynchronized by bufotenin 
results in a paradoxical generalized increase 
of voltage. This involves the cortical fast 
activity and, more dramatically, the hippo- 
campal theta rhythm which doubles its am- 
plitude and accelerates to a frequency of 
7 ¢.p.s. 
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Fic. 5. Effect of bufotenin (2 mg./kg.) in the rabbit (right record) 


Effects of BAB on the Spontaneous Elec- 
tric Activity of Rabbit Brain. The adminis- 
tration of BAB in amounts up to 6 mg. per 
kg. produces a long lasting suppression of 
the slow waves and 14 c.p.s. spindles char- 
acteristic of the “sleeping” record. Thus the 
resulting general pattern is undistinguish- 
able from that of “alert” control records. 
Larger amounts of BAB intensify the alert 
picture mainly because of the increase in 
voltage of the hippocampal theta rhythm 
which, however, remains of normal type as 
to frequency and wave form. Furthermore, 
a novel phenomenon appears in the leads 
from the putamen: fast frequencies on three 
bands, 20, 32 to 34, and 45 to 50 c.p.s., with 
an amplitude of 100 to 200 uv. (Fig. 6). 
These fast frequencies show further increase 
in amplitude with additional administration 
of BAB (Fig. 7) but remain localized to the 
putamen. The amplitude of these fast fre- 


quencies is inversely proportional to the dis- 
tance of the recording tip of an exploring 
electrode from the putaminal gray. The drop 
in voltage is more pronounced when the 
electrode is placed in structures dorsal or 
dorsomedial (caudate nucleus) or ventral 
(amygdaloid nucleus) to the putamen. The 
decrease is more gradual if one records from 
points medial to the putamen; the ampli- 
tude remains considerable in recordings 
from the globus pallidus. With the largest 
doses of BAB administered (20 to 25 mg. per 
kg.), some slow activity reappears in the 
cortical leads, which respond normally to 
alerting stimuli (Fig. 7, lower record: corti- 
cal desynchronization after painful stimula- 
tion). The lower record of Figure 7 also il- 
lustrates the effect of an alerting stimulus 
upon the fast putaminal activity; the fre- 
quency drops for 1 to 2 seconds from an 
average of about 30 to 35 c.p.s. to about 18 
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Fic. 6. Effect of BAB (10 mg./kg.) in the rabbit (right record) 


to 22 ¢.p.s. This fast activity of unusually DISCUSSION 
large amplitude seems to remain localized = ects of BAS in the Rabbit. Apart from 
to the region of the lenticular nucleus with , general effect of suppressing the charac- 
its center in the putamen. It would therefore toricties of the “synchronized” pattern oi 
be impossible even to suspect its presence sleep and introducing an “alert” pattern, 
by examining tracings from the cortex alone RAS alters the activity of the hippocampus 
or to detect it from nearby structures such The BAS induced type of hippocampal ae- 
as the amygdala. In the cortex and else- tivity has features suggestive of a convul- 
where fast frequencies occur but never of sive nature. Any convulsive-like phenomena 
larger amplitude than under control condi- observed in the hippocampus must be cav- 
tions. : F tiously interpreted because of the great ir- 

Neither BAS nor bufotenin ever induced jitability and low threshold of that struc- 
large voltage fast frequency activity in the ture. It is not uncommon that the simple 
putamen. By administering BAB after BAS introduction of an electrode in the hippe- 
or bufotenin a similar change in the waves campus starts convulsive discharges (10). 
of the putamen can be induced with amounts Jt js, therefore, not unlikely that after the 
of BAB of the same magnitude as without initial irritation has subsided, the mere 
pretreatment with the other drugs. The ef- presence of the electrode creates a site of 
fect of BAB (10 mg. per kg.) in an animal very low threshold ready to discharge 
pretreated with bufotenin is shown in Fig- paroxysmally. 


ure 8. Thus it is difficult to asses whether the 
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Fic. 7. Effect of BAB in the rabbit. The upper four-tracing record was taken after 15 
mg./kg. had been injected. The lower record with leads matching the four upper ones was 
obtained after injection of 22 mg./kg. of BAB. 


convulsive-like discharges induced by BAS 
are the expression of a specific effect of the 
drug upon that structure or whether they 
are the first sign of an unspecific convulsive 
action appearing at the most irritable site. 

However, the peculiar character of cer- 
tain BAS induced hippocampal discharges, 
namely the synchronous bursts of high volt- 
age waves, are very dissimilar from the 
spike discharges usually seen in the hippo- 
campus as a result of mechanical irritation 
or electric stimulation. Furthermore, apart 
from the convulsive-like components, the 
hippocampal pattern is basically disorgan- 
ized by the presence of random slow waves. 
Such slow waves would be considered nor- 
mal if the cortical record were at the same 
time exhibiting a “synchronized” pattern of 
sleep, But this is not the case; the hippo- 
campal slow activity is present while the 
cortex presents an alert picture. This does 
not lead to the conclusion that we are deal- 


ing with a dissociation between neocortical 
and paleocortical “alertness.” The convul- 
sive discharges show that the hippocampal 
activity is not simply the one normally seen 
during sleep, but is fundamentally abnor- 
mal. Thus we may say that BAS has an ef- 
fect on the electric activity of the brain 
and that it alters, perhaps in a convulsive 
manner, the activity of the hippocampus 
more than that of other structures. 

In more than one respect many effects of 
BAS resemble those of reserpine (26). As 
to the electric activity of the brain, it is 
perhaps significant that reserpine, like BAS, 
induces in experimental animals an “alert’’ 
cortical activity (Carreras and Angeleri, 
Monnier and Gangloff, Rinaldi and Him- 
wich (16), and Terzian, in rabbits; Mac- 
Lean in acute cats; Killam and collabora- 
tors in chronic cats). Furthermore, reserpine 
too enhances the irritability of the hippo- 
campus and sometimes produces spontane- 


Ret.-Hippe. 


Hi ippe-- Avy. 


Fic. 8. Effect of BAB after bufotenin in the rabbit. st record: effect of bufotenin (3 
mg./kg.). Middle and right records: after BAB (10 mg./kg.) had been injected in the same 
animal; in the right record, the time axis is of double length. 


ous hippocampal convulsive activity (7, 9, 
22). From a more general point of view 
one may raise the question of the relation- 
ship that such rhinencephalic functional 
changes have to the tranquilizing effects of 
both reserpine and BAS. In the same re- 
spect, what is the significance of the convul- 
sive effect exerted by chlorpromazine (14) 
upon another rhinencephalic structure, the 
amygdala? Is a limbic system seizure state 
equivalent to a functional ablation of that 
system, as MacLean suggests? These ques- 
tions are very enticing but no answer can 
be given on the basis of the facts available 
at present. 

Effect of BAS on the EEG of Psychotic 
Patients. Because of the small series of 
patients examined, one can stress only that 
BAS in the amounts used does not affect the 
EEG in the majority of patients. As to 
the depression of the voltage of the alpha 
rhythm occurring in only three subjects, it 


is the opinion of the author that further 
studies are necessary, mainly in patients 
with control EEG’s of the dominant alpha 
type before an interpretation can be at- 
tempted. 

Effect of Bufotenin on the Spontaneous 
Activity of Rabbit Brain. The enduring 
“alert” pattern induced by bufotenin is an 
effect which is seen with other hallucino- 
genic agents such as LSD and mescaline 
(5, 8, 17). The nature of such drug induced 
electrographic “alertness” is a question re- 
quiring more detailed study—particularly 
the hypothesis that such activation is due 
to an excitation of the reticular activating 
system should be subjected to critical re- 
examination. Figure 4 illustrates that an 
alerting stimulus can induce a_ further 
change in the activity already desynchr- 
nized by bufotenin. An easy and simple 
explanation would be to invoke degrees oi 
stimulation of the activating system. We 
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may accord bufotenin a degree of stimula- 
tion sufficient to suppress the slow waves 
of “sleep.” Then a higher degree of stimula- 
tion ix produced by the sensory stimulus. 
Thus the features of EEG alertness, espe- 
cially the hippocampal theta rhythm, are 
reinforced, generating the voltage increase. 
But one cannot avoid wondering whether 
it is right to invoke a stimulation effect, 
direct or indirect, on the activating system 
whenever one finds a drug induced alert 
pattern. The inconsistencies between be- 
havioral effects and those of the electric 
brain activity are the main stumbling block 
of the hypothesis that correlates the cor- 
tical electrographic picture with the fune- 
tional state of the activating system and 
with behavior. Bufotenin, which produces 
excited behavior in animals, “alerts” the 
cortical electric activity as does reserpine, 
a tranquilizer. The EEG reaction that fol- 
lows a peripheral alerting stimulus in the 
bufoteninized animal (Fig. 4) produces 
exactly the same EEG pattern as before 
bufotenin (Fig. 1). The only difference is 
that with bufotenin the tracing preceding 
the stimulus lacks the slow waves of the 
“sleeping” record. It could very well be 
that the suppression of the slow waves by 
bufotenin is an action entirely independent 
of the state of function of the activating 
system which still can exert its typical 
effect. 

Perhaps the suppression of the slow 
waves with the production of a “desyn- 
chronized” telencephalic electric activity 
by hallucinogens is due to an effect at 
the telencephalic level. It may be related 
to the inhibition of cortical synapses dem- 
onstrated by Marrazzi to be a common 
property of such drugs. As Purpura sug- 
gests, it may be the inhibition of axoden- 
dritie cortical activity which is the sub- 
stratum of the desynchronization. 

In any case it seems logical to agree 
with Killam and collaborators in their 
statement that “the various pathways di- 
rectly involved in, and exerting tonic in- 
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fluence upon, the EEG activation pattern 
and behavioral arousal must be reinves- 
tigated. Pharmacological agents will be an 
important tool.” 

Effects of BAB on the Spontaneous Elec- 
tric Activity of Rabbit Brain. The appear- 
ance of fast activity of considerable voltage 
limited to the nucleus lenticularis and es- 
pecially to the putamen is a unique phe- 
nomenon. Of the three tryptamine deriva- 
tives here considered, only BAB was able 
to evoke it. Thus one can consider this 
action specific for BAB, at least until 
other substances are found to produce the 
same effect. 

The nature of this putaminal fast ac- 
tivity has yet to be determined. It is not 
clear whether it should be interpreted as 
a localized convulsive manifestation. It 
does not appear ex abrupto but builds up 
as a magnification of those low amplitude 
fast activities normally recorded from the 
region of the basal ganglia. By lengthening 
the time axis (Fig. 8, right), it can be 
shown that the rhythm is smoothly sinu- 
sodial with waning and waxing of ampli- 
tude similar to the “beating” or “modula- 
tion” of truly periodic phenomena such as 
the alpha waves of the human EEG. It 
never spreads and never gives way to 
frankly convulsive patterns either localized 
or spreading. Most probably such a prom- 
inent but localized fast activity is the 
result of synchronization of the cell pop- 
ulation of the nucleus lenticularis with 
maintenance of the normal pacemaking 
rhythm: thus results the increase in volt- 
age with unchanged frequency. The fast 
rhythms seen normally in the cortex and 
the caudate nucleus do not show a similar 
increase in voltage after BAB. This fact 
can be taken as evidence that they are of 
different origin and are independent of the 
activity of the nucleus lenticularis. Again 
cortex and putamen activity seem to be- 
have quite differently, in fact in an opposite 
manner, in response to an alerting stimulus 
(Fig. 8). 
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The decelerating effect of an alerting 
stimulus upon the BAB induced putamen 
fast activity may serve also as a differ- 
entiating characteristic in respect to the 
low voltage fast frequencies produced by 
volstile anesthetics and those which appear, 
chiefly in the cortex and in the caudate, 
in light barbiturate anesthesia (2, 21). 
Such fast waves induced by anesthetic 
agents at a certain stage of their action 
are reinforced and accelerated by alerting 
(17, 18). 

As a final consideration one must point 
out that the effects of BAS and those of 
BAB are entirely different. The only one 
common to both is the tendency to suppress 
enduringly the “sleeping” cortical patterns; 
but this change cannot be considered char- 
acteristic or indicative of a common mech- 
anism of action, as has been indicated 
above in the discussion of bufotenin. 

BAS and BAB both possess antiserotonin 
properties. BAS was studied first and the 


alterations produced by that drug in the 


electric activity of the hippocampus were 
observed and thought to be significant be- 
cause the hippocampus has a relatively 
high serotonin content, at least in man 
(4). Then BAB was studied with entirely 
different results. It is true that the lentic- 
ular nucleus also has a notable concentra- 
tion of serotonin. But why, then, do the 
two substances not have comparable effects 
on both structures? Thus it seems that the 
data reported give no clues as to whether 
or not the change in the electric activity 
of the brain is due to their antiserotonin 
action. 


SUMMARY 


1. BAS (benzyldimethylserotonin) in-— 


duces convulsive-like nonspreading electric 
discharges in the hippocampus of the 
rabbit. 

2. BAB (benzyldimethylbufotenin) pro- 
duces continuous fast activity localized to 
the lenticular nucleus, chiefly in the puta- 
men. The amplitude is three to four times 


larger than that of waves of comparable 


frequency normally present in the lentic- 
ular nucleus and in other parts of the 
rabbit brain. 

3. Bufotenin (N,N-dimethylserotonin) 
causes the disappearance of slow wave high 
voltage activity and introduces an enduring 
“alert” desynchronized pattern. 

4. The electroencephalogram in 12 to 15 
chronic psychotic patients did not show 
significant changes under treatment with 
BAS. In three subjects only, however, a 
decrease of the amplitude and slowing of 
the fundamental alpha activity were ob- 
served. 
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CLINICAL EVALUATION OF BAS (BENZYL ANALOG OF 
SEROTONIN): A TRANQUILIZING DRUG! 


L. H. RUDY, M.D., E. COSTA, M_D., F. RINALDI, M_D. ano H. E. HIMWICH, M.D? 


The drug BAS, the benzyl analog of sero- 
tonin, has had only one previous clinical 
trial, that of Wilkins and Hollander (6) on 
patients with hypertension. In the course of 
this exploratory study they noted a state 
of sedation and tranquilization which was 
so definite that it tended to limit the dosage 
of BAS. One thought that prompted this 
investigation was that such a side effect in 
the treatment of hypertension might be de- 
sirable in the management of disturbed, hy- 
peractive, psychotic patients. In addition to 
this practical suggestion, there was a second 
of theoretical importance for the present 
clinical investigation from the work of Shaw 
and Woolley (4), who have synthesized 
BAS to counteract the actions of serotonin 


_ in the body. Because serotonin is a smooth 


muscle constrictor, it has received consider- 
ation as a possible factor in the production 
of hypertension, and Wilkins and Hollander 
(6) found it effective in reducing the blood 
pressure in about 25 per cent of patients 
with essential hypertension (2). But the 
hypothesis of Woolley and Shaw (7) indi- 
cates that disturbances of serotonin may 
also play a part in mental disease. The 
formulas of serotonin, BAS (1-benzyl-2,5- 
dimethylserotonin), and reserpine reveal 
that they all contain the indole nucleus 
(Fig. 1). The present viewpoint suggests 
that the two drugs prevent the action of 
the hormone serotonin by displacing it from 
its receptor sites, whether in the brain or in 
other parts of the body. In broad outline, 
this was the status of BAS at the time we 
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undertook to test its efficacy in the ‘reat- 
ment of schizophrenic patients. 


METHOD 


For this study 24 moderately dist: rbed, 
chronic psychotic female patients were 
chosen. These patients were well known to 
the investigators as they had been the sub- 
jects of previous researches on the effects of 
tranquilizing drugs over a period of 3 vears, 
This was a great advantage since the char- 
acteristic psychopathologic picture of each 
patient was well known, including spontane- 
ous variations and the alterations evoked 
by previously administered tranquilizing 
agents. All of our patients were of middle 
age or advanced years and had been hos- 
pitalized for an average of 18 years. Six- 
teen were classified as chronic paranoid 
schizophrenics, seven as hebephrenic schizo- 
phrenics, and one as schizoaffective. Be- 
cause this drug is so new and we were not 
sure of the dosage necessary to induce tran- 
quilization and yet avoid undesirable side 
effects, we decided to make this a pilot 
study rather than a double blind investiga- 
tion. In all patients the initial dosage of 25 
mg. b.i.d. was gradually increased for 6 
days until a level of 50 mg. q.id. was 
reached. At that time the effects of the 
drugs were evaluated, both in regard to 
tranquilization and side reactions, and the 
individual dose was accordingly adjusted 


. either in a downward or upward direction. 


In some patients the dosage was progres- 
sively raised until a maximum of 100 mg. 
t.i.d. was attained. The final dosage varied 
from 100 to 300 mg. per day, and most pa- 
tients were receiving 200 mg. per day by 
the end of the investigation. The entire pe- 
riod of drug administration was 23 days and 
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each patient was maintained on the maxi- 
mum individually tolerated dose for a mini- 
mum period of 10 days. In addition to daily 
rouns, a final evaluation of the effects of 
the drug was made on the last day of treat- 
ment. The patients were again evaluated 10 
days after the discontinuation of medica- 
tion. In addition to behavioral changes, 
other observations were made, including 
blood pressure, heart rate, and the weight 
of the patients. The results of electroenceph- 
alographic examinations will be reported 
elsewhere (3). 


RESULTS 


The most prominent effect of BAS ex- 
hibited by the majority of the patients was 
tranquilization or sedation. This included a 
decrease of hyperactivity, aggressiveness, 
irritability, and hostility. Such favorable 
results were displayed by 14 of the 24 pa- 
tients at a dosage level of 50 mg. q.i.d. At 
the end of the study when all patients had 
been on the maximum tolerated dose, these 
improvements were shown by 20 patients. 
Although two of the remaining patients were 
not considered tranquilized during the pe- 
riod of drug administration, when they were 
examined 10 days after discontinuation of 
the treatment, they were found to be more 
hyperactive and aggressive than when tak- 
ing the medication. Two other patients, 
one hebephrenic and one paranoid, were ob- 
viously rendered more disturbed by BAS. 

In the paranoid patients, the delusional 
thought production was obviously abated 
by the drug. The delusions became less im- 
portant to the patients. Though they no 
longer excited the usual violent emotional 
reactions, questioning revealed that they 
were still in existence and with sufficient 
provocation it was possible to stir them up. 
However, in one patient the delusions 
seemed to have disappeared to such a degree 
that upon the direct mention of it (a para- 
noid construction of persecution by a crime 
ting) the patient laughingly said that she 
no longer believed such nonsense. ~ 
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Fic. 1. Structural formulas of BAS, serotonin 
and reserpine. 


CH300C 


The majority of our paranoid patients 
were suffering from hallucinatory experi- 
ences of various types. They complained of 
somatic symptoms and of bodily changes 
due to extrasensory influences or auditory 
hallucinations. In many cases the results of 
these hallucinatory experiences were readily 
observed, since they determined such typi- 
cal behavior habits as the wearing of cotton 
or paper ear plugs. The removal of the ear 
plugs was consistent with other signs of 
improvement. 

During the administration of BAS the 
intensity and frequency of the hallucina- 
tory experiences clearly diminished and 
many patients ceased their spontaneous 
complaints. On questioning, three patients 
said the voices had not -bothered them for 
over 2 weeks, and one said that her enemies 
had “ceased to snipe at her body” for the 
last 10 days. However, such beneficial 
changes were not observed in all patients 
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suffering from hallucinations, and in two of 
them the. symptoms continued unabated 
throughout the period of medication. The 
sever: hebephrenic patients were dissociated 
in thought, and in three cases to such an ex- 
tent that their speech was reduced to a word 
salad. Four of these patients showed strik- 
ing changes during treatment with BAS. 
Their speech became coherent and it was 
possible to carry on an understandable con- 
versation, which had not been feasible on 
any previous study with other tranquilizing 
drugs. Five of these patients exhibited 
greater interest in ward activities, in occu- 
pational therapy, and in the care of their 
persons. However, even in these patients, 
thought content and constructive initiative 
still retained flatness of affect and inappro- 
priate emotional reactions. One hebephrenic 
patient was unchanged except for sedation 
and another was made worse. The schizo- 
affective senile patient revealed only an un- 
specific sedative effect. 


Side Reactions 


In contrast to the usual calming action of 
BAS, 2 of the 24 patients exhibited increased 
psychomotor overactivity. Perhaps the most 
important of the undesirable side reactions 
which marred the salutary psychiatric ef- 
fects of BAS was the loss of weight ex- 
hibited by 18 patients. These losses were 
greater than 3 pounds in 13 patients and 
ranged from 2 to 11 pounds. The loss of ap- 
petite and disturbances of gastrointestinal 
functions were not marked and did not 
seem to be the chief cause for the decrease 
of weight, which is attributed rather to a 
profound feeling of ill being and weakness. 
A second disturbing side reaction was a dis- 
order of coordination and equilibrium. 
Fourteen patients exhibited signs of ataxia 
and three of them complained of dizziness. 
The patients walked with a broad base and 
sought support from the furniture and walls. 
The Romberg sign was positive though their 
reflexes seemed unaffected. Tremors of the 
hands were not observed in any patient. 


The disturbances of the gastrointestinal 
tract were not prominent. Three patients 
complained of nausea and one of these t!iree 
vomited during the first days of the treat- 
ment. These symptoms, however, di-ap- 
peared spontaneously without a reduction 
of medication. Two patients complaine:: of 
gas with mild distention, four patient~ of 
constipation, and three of increased bi wel 
activity, but only in one case were tiiere 
frank diarrhea and rectal spasm. Two )a- 
tients informed us that they had incre:sed 
frequency of micturition, especially during 
the night. One had alternate warm and cold 
spells and eight were cold most of the ‘ime 
with occasional chills. Sleeping habits were 
not affected to any great degree. Though the 
majority of the patients slept better during 
the night only eight took short naps during 
the day, chiefly at the beginning of the 
treatment. There were only a few patients 


who spoke of nasal stuffiness. 


During the first 2 days of treatment, three 
patients developed a mild transitory non- 
itching erythematous skin rash at the neck, 
around the waistline, and on the arms. This 
rash did not last more than 1 day in one 
patient and 2 days in two others though the 
medication was not discontinued. One pa- 
tient developed a severe erythematous pap- 
ular eruption over the entire body surface 
including the mucosa of the mouth and 
conjunctivas. It is doubtful, however, 
whether there is any connection between 
this skin manifestation and BAS, which had 
been discontinued 6 days previously. The 
skin healed slowly under ACTH treatment. 

Blood pressure was significantly reduced 
in 10 patients. Four of them with average 
systolic values above 170 mm. Hg revealed 


‘decreases between 30 and 50 mm. Hg sys- 


tolic pressure and 10 to 20 mm. Hg diastolic 
pressure. Smaller decreases were noted in 
three patients whose systolic averages were 
between 150 and i70 mm. Hg. A drop to 
hypotensive values was observed in only 
three patients. Their premedication levels, 
within normal limits, were reduced to an 
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average of 90 mm. Hg systolic pressure and 
50 mm. Hg for the diastolic pressure. The 
other 14 patients showed either a slight 
tendency toward a decrease of blood pres- 
sure, chiefly systolic, or remained un- 
changed. 

The heart rate had a tendency toward 
bradycardia in 10 patients, 8 of whom also 
revexled diminutions of blood pressure. One 
patient developed extrasystoles of auricular 
origin, as confirmed by ECG examination. 
This disorder has persisted after discontinu- 
ation of medication and it is impossible to 
state whether it is an effect of the medica- 
tion. 


Relation of Dosage to 
Pharmacologic Effects 


The degree of tranquilization produced 
by BAS varied with the amount adminis- 
tered though the optimal values were not 
the same in the various patients. In some, 
the patients were tranquilized at dose levels 
of 25 mg. b.i.d., and in others satisfactory 
improvement was not noted until a dosage 
of 50 mg. q.i.d. was attained. Where benefit 
appeared, the patients experienced a disap- 
pearance or diminution of delusions and hal- 
lucinations. Those hebephrenics whose ver- 
balized expressions became less dissociated 
did so between the two above mentioned 
dosage levels. Patients whose dosage was 
reduced because of side effects maintained 
their improvement with the lower dosage, 
usually of 100 mg. h.s. 

The other side effects, such as ataxia, ap- 
petite loss, and sense of malaise, were also 
related to the dosage, becoming worse as 
the dosage was increased. In the majority 
of the patients, the dosage had to be re- 
duced to 100 mg. b.i.d. or 100 mg. h.s. be- 
cause of the side effects and only three tol- 
erated the maximum amount of 100 mg. 
tid. for more than a few days. The transi- 
tory erythematous rashes and sleepiness did 
not appear to be related to the dose since 
they disappeared spontaneously even when 
the medication was not reduced. In view of 


the fact that in most patients favorable 
results were noted with levels of from 50 to 
200 mg. per day, it is undesirable to exceed 
such values. 

The discontinuation of the drug was in- 
variably followed by a return of the pre- 
medication condition. This applies not only 
to the salutary psychiatric effects, but also 
to the side reactions. Their rate of disap- 
pearance was rapid. Usually within a few 
days changes were observed, and in some 
instances, even on the first and second day 
after cessation of the medication. On an 
examination 10 days after discontinuation 
of the drug, practically all of the effects of 
BAS had disappeared. The pharmacologic 
actions of BAS noted by us are in agreement 
with those previously reported by Wilkins 
and Hollander. (6) 


DISCUSSION 


The present results disclosed that BAS 
exerts distinct effects on behavior, a strong 
tranquilizing action not unlike that of re- 
serpine. Moreover, some of the side reac- 
tions reported with reserpine have also been 
observed with BAS. Like reserpine, BAS 
may produce ataxia, gastrointestinal dis- 
turbances, fall in blood’ pressure, and weak- 
ness. On the other hand, there is a difference 
in degree between the effects of these two 
drugs. With BAS, the gastrointestinal symp- 
toms and nasal stuffiness were less promi- 
nent, and pseudoparkinsonian tremors of 
the hand did not develop, though ataxia was 
more severe. The only difference in kind 
instead of degree is a loss of appetite in pa- 
tients on BAS, but that loss is regarded as 
a reflection of the profound fatigue and 
weakness exhibited by these patients. The 
differences between the therapeutic dose 
and the toxic manifestations were narrower 
with BAS than reserpine. 

The electroencephalographic studies of 
Rinaldi (3) have also revealed the similar- 
ity of the actions of reserpine and BAS. This 
similarity may be ascribed to the indole 
nucleus which is contained in the chemical 


288 L. H. RUDY, E. COSTA, F. RINALDI AND H. E. HIMWICH 


structures of both medications (Fig. 1). 
Both agents, therefore, are capable of dis- 
placing serotonin from its receptors in the 
brain. In accordance with recent work on 
reserpine (1, 5) not only the serotonin 
stores, but also those of adrenaline and nor- 
adrenaline are released. The differences be- 
tween the drugs, however, may be due to 
their nonindolic moieties. 


SUMMARY 


The effects of BAS, the benzyl analog of 
serotonin, were studied on 24 chronic, mod- 
erately disturbed female psychotic patients. 
The most prominent beneficial action, that 
of tranquilization, was noted in 22 of these 
patients. Tranquilization was attained at 
dosage levels varying between 50 to 200 mg. 
per day. The maximum tolerated dose was 
300 mg. per day. Among the paranoid pa- 
tients who improved, the delusions became 
less important. The intensity and frequency 
of the hallucinatory experiences diminished. 
In hebephrenic patients, speech became less 
dissociated. These salutary psychiatric ef- 
fects, however, were marred by untoward 
reactions involving the general health of 
some patients who lost weight chiefly be- 
cause of a profound feeling of weakness and 
fatigue. Another disturbing side reaction 
deserving comment is ataxia which was ex- 
tensive in some patients. The effects of BAS 
are compared with those of reserpine which 


they resemble in many ways, but are not 
seer. to the same extent with both drugs. The 
clinical similarities of BAS and rese: pine 
are ascribed to the indole group, which their 
chemical structures have in common. "heir 
different nonindolic moieties are reg: ded 
as being the causes for the clinical dis-imi- 
larities exhibited by these two drugs. 
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STUDIES ON THE 5-HYDROXYTRYPTAMINE (SEROTONIN) 
CONTENT IN HUMAN BRAIN‘ 


E. COSTA, M.D? ann M. H. APRISON, Px.D* 


Altiiough direct evidence of the mecha- 
nism by which 5-hydroxytryptamine (sero- 
tonin' can be correlated with normal and ab- 
normal mentation processes is lacking, 
sever::| authors have speculated on its phys- 
iologic role (14, 19). Data obtained by pre- 
vious workers have demonstrated the pres- 
ence of serotonin in the brain of animals 
(1, 2). Among the tranquilizing drugs, re- 
serpine has been found to deplete animal 
brains of their serotonin content (15). Fur- 
thermore, both reserpine and chlorproma- 
zine have been shown to antagonize the 
serotonin evoked contractions of the spayed 
rat uterus (5). Hallucinogenic drugs like 
LSD and mescaline have a selective affinity 
for serotonin receptors of smooth muscles 
in vitro (5), and in vivo a serotonin-like 
activity has been demonstrated on blood 
pressure (16), as well as on the electric ac- 
tivity of the brain of the conscious cat (4) 
and albino rat (18). Although serotonin it- 
self was not able to produce a clear and 
specific behavioral change when injected in 
large amounts (17), the methylated com- 
pound, bufotenin, evoked the appearance of 
clear LSD-like symptoms in the monkey 
(7) and man (8). One possible explanation 
of this reaction is the fact that the enzyme 
monoamine oxidase, which destroys sero- 
tonin rapidly (7, 17), is almost inactive 
against bufotenin (11). Another factor 
which might account for the lack of be- 
havioral changes after serotonin injection 
is the possible impermeability of the blood- 
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brain barrier to this neurohormone (19). 
However, Feldberg and coworkers (9) have 
shown that when a direct injection of sero- 
tonin is made into the cerebral ventricles 
changes in behavior do occur. 

It is now known that mammalian brain 
contains serotonin, and a topographic quan- 
titative analysis is available for cat, dog, 
and rabbit brain (1-3). To the authors’ 
knowledge, no information has been pre- 
sented on the serotonin content of the many 
discrete areas of the human brain. It is felt 
that not until such data are accumulated 
can analogies be made between animal and 
human brain studies. Therefore, a prelimi- 
nary report of the serotonin content of 28 
specific areas of the human brain is pre- 
sented. 


METHODS 


The serotonin content of the human brain 
parts was determined by employing spayed 
rat uterus according to Garven’s (10) modi- 
fication of Gaddum’s technique (1): This 
method permitted the evaluation of the 
serotonin content without interference from 
epinephrine. Immediately after the removal 
of the organ from the skull, the brain was 
transferred to a 4° C. cold room where the 
dissection was performed. As soon as the 
parts were separated, they were immedi- 
ately frozen between two pieces of dry ice 
and stored at —20° C. The maximum stor- 
age time was 48 hours. As pertinent data 
on the patients studied, the cause of their 
hospitalization and the anatomic findings 
responsible for death are appended. 

The time between death and the freezing 
of brain parts varied throughout the ex- 
periments. In H, it was 4 to 6 hours, while 
in , H; , and Hg, it was 2 to 3 hours. 
In H, the time was 1 to 2 hours. 
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TABLE 1 
Serotonin Content of Human ‘‘Cortex”’ 
(ug./gm. of fresh tissue) 


Tsocortex 


Mi Hy | Hs Hs | Hs | He 


Frontal cortex....... 
Gray matter of 


frontal cortex...... — | — |0.03/0.03/0.08 
Frontal pole......... we “ 01/0.01/0.01/0.01/0.03 
Temporal pole...... .01/0.04| — |0.07/0.02/0.03 


Occipital pole. ...... — |0.01/0.01/0.01/0.02/0.05 


TABLE 2 
Serotonin Content of Human ‘“‘Cortez’’ 
(ug./gm. of fresh tissue) 


Allocortex 

Hi | He | Hs | Ha | Hs | He 
Cingulate gyrus..... — 
Hippocampal gyrus. 
Sub-callosum gyrus..} — |0.29| — |0.22/0.14/0.60 

Anterior perforated 
substance.......... — 
Hippocampus.:...... — 


RESULTS 


The concentrations of serotonin in differ- 
ent parts of the cortex from six human 
brains are summarized in Tables 1 and 2. 
It is to be noted that all the structures of 
allocortex contained greater concentrations 
of the neurohormone than the isocortex. 
Especially evident are the high values in the 
anterior perforated substance. Furthermore, 


TABLE 3 
Serotonin Content of Neo- and Paleostriatum of 
Human Brain 
(ug. gm. fresh tissue) 


Neostriatum 


| Hs | | | Hs | He 


Putamen (A)........ 
Nucleus caudatus (B)|0.41/0.54/0.35/0.46/0. 2010.70 

Paleostriatum 
Globus pallidus... | 
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the serotonin concentration of the uncus, 
hippocampal gyrus, and subcallosum gyrus 
was also higher than that of the remaining 
parts presented in these tables. 

This difference cannot be related to the 
relatively greater amount of gray matter in 
these parts because thin slices of gray fron- 
tal cortex (Table 1) exhibited the sime 
serotonin content as a complete sampl: of 
the same region containing both white nd 
gray matter. Furthermore, the sample- of 
the isocortex processed with Garven’s t«ch- 
nique (10) did not contain any subst:nce 
inhibiting the contractions of the rat’s 
uterus because the responsiveness of this 
organ to serotonin did not change when the 
tissue extract had been added just prior to 
the standard. 

In Table 3, data are reported for the scro- 
tonin content of the neostriatum and paleo- 
striatum. One notes that there is a dis- 
tinct difference in these data: except for H, 
the results in the neostriatum are consider- 
ably higher than those in the paleostriatum. 

The data in Table 4 present the serotonin 
content of 15 cerebral areas mostly non- 
telencephalic. The hypothalamus, the area 
postrema, the substantia nigra and in gen- 
eral the areas associated with autonomic 
activity have a higher content of serotonin 
than the other areas presented in this table. 
Such distribution also seems to exist in the 
dog (1). In one patient (Hg) the serotonin 
content of locus coeruleus and red nucleus 
was studied and found to be high: 1.38 and 
2.88 wg. per gm., respectively. The callosum 
and the fornix of man, which essentially 
consist of white matter, have demonstrable 
concentrations of serotonin. The cerebellum 
of man like that of the dog contains very 
small amounts of serotonin. In this struc- 
ture, the analysis of the serotonin content 
was not very easy because of the possible 
interference of an unknown factor which 
often changed the sensitivity of the isolated 
uterus. 

In Figure 1, a summary of the results is 
presented; the concentrations of serotonin 
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are indicated (as well as in the tables) per 
gram of fresh tissue as the creatinine sulfate 
salt. 


Case Histories 


H.. F. G., age 73, hospitalized, in 1949, for 
chronic alcoholism with a delusional confabulat- 
ing syndrome. In May, 1956, he was found to 
be well oriented; coherent memory for remote 
as well as recent events was good. No hallucina- 
tions or delusions were present. The cause of 
death was a severe atherosclerosis of coronary 
arteries with a fresh thrombotic occlusion of an- 
terior descending branch. The patient died sud- 
denly at 1:05 p.m. on July 17, 1956. 

H,. R. N., age 72, hospitalized, in 1948, for 
involutional melancholia, arteriosclerosis, chronic 
alcoholism, alcoholic deterioration. He received 
chlorpromazine until 24 hours before his death. 
The cause of death was acute bronchopneu- 
monia, carcinoma of the stomach with metasta- 
ses and extreme cachexia. The patient died at 
7:23 am. on August 2, 1956. 

H,. P. G., age 57, hospitalized, since 1929, 
for dementia praecox of hebephrenic type. Re- 
ceived reserpine (2 mg. per day for 3 days) 8 
days before his death. The cause of death was 
marked atherosclerosis of the coronary arteries 
with occlusion of the left coronary vessel. In- 
farcts of the lungs were also present. He died 
at 9:05 p.m. on August 2, 1956. . 

H,. H. R., age 69, hospitalized, since 1952, 
for psychosis with. cerebral arteriosclerosis on 
July, 1956. The patient was in good contact and 
oriented but he was easily irritable and con- 
stantly hostile. The cause of death was malig- 
nant metastatic neoplasm of the stomach for 
which he had been operated on July 26, 1956. 
Before the death he received Demerol. The pa- 
tient died at 8:45 a.m. on August 13, 1956. 

H,. B. 0., age 62, hospitalized, since 1937, 


for psychosis with mental deficiency. Cause of 


death was cerebral hemorrhage, arteriosclerosis. 
A few hours before death she had received 
Dilantin (90 mg. by mouth). She died at 3:00 
p.m. on October 6, 1956. 

H,. P. D., age 81, hospitalized, since 1953, 
for senile psychosis. He was a quiet and coopera- 
tive patient. Delusions and hallucinations were 
not elicited. Cause of death was bronchopneu- 
monia, arteriosclerosis, cancer of the pancreas 


TABLE 4 


Serotonin Content of Human Brain 
(ug. gm. of frozen fresh tissue) 


| 
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Fornix (anterior pars) 
Corpus callosum 
Amygdaloid nucleus. 


Hypothalmus 
Mammillary bodies. . 
Anterior quad. bodies 
Posterior quad. bod- 
Substantia nigra 
Medulla oblongata. .|0. 
Area postrema 
Cervical spinal cord. 
Cerebellum 
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Fig. 1. Serotonin content of human brain. (1) 

Frontal cortex; frontal pole; occipital pole; cere- 

bellum; (2) cingulate gyrus; (3) subcallosum gy- 

rus; cervical spinal cord; corpus callosum; (4) 

medulla oblongata; posterior quadrigemina bodies; 

pons; mammillary bodies; thalamus; fornix; (5) 

anterior perforated substance; hypothalamus; an- 

terior quadrigemina bodies. 


with liver metastases. Before death he had been 
given antibiotics. The patient died at 7:33 am. 
on November 8, 1956. 


DISCUSSION 

We believe these results present the first 
direct evidence for the presence of 5-hy- 
droxytryptamine in the central nervous sys- 
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tem of man. From the data presented in 
Tables 1 and 2, high serotonin contents can 
be used to distinguish biochemically iso- 
cortex from allocortex. This distinction 
brings chemical evidence in good agreement 
with the different morphologic and phylo- 
genetic characteristics of these two con- 
trasting areas. Evidence (6) of a prelimi- 
nary nature suggests that serotoninase is 
present in human cortex. An explanation for 
these chemical differences would be obtained 
if the concentrations of serotoninase were 
lower in the allocortex than in the isocortex. 
However, at present, the details of the mi- 
cromethod for the quantitative determina- 
tion of serotoninase activity in brain ho- 
mogenates have not been completed. 

Two of our patients, H; and H; , received 
treatment with reserpine and Dilantin, re- 
spectively, before death. Probably the 
amount taken and the interval of time were 
not adequate to influence, significantly, the 
brain serotonin concentrations. 

Speculation on the importance of the 
serotonin in normal human brain processes 
is not possible because at present only 
brains of mentally ill patients have been 
analyzed. Additional complications include: 
(a) delay of time between death and au- 
topsy, (b) cause of death and (c) possible 
variations in serotoninase activity caused 
by the use of drugs in the patients studied. 
Nevertheless, the limbic system which is 
concerned with the experience and elabora- 
tion of emotion (13) as well as the orbital 
region of the cortex from which (area 12) 
the corticohypothalamic fibers seem to em- 
anate (12) both have higher concentrations 
of serotonin than other telencephalic areas. 
Even if it is not possible to establish the 
pathophysiologic meaning of the indole 
compound in the brain, the evidence that it 
is present serves as a basis for further de- 
velopment of our knowledge. It is now 
necessary to determine whether a correla- 
tion exists between the serotonin content of 
the brain and mental behayior. 


SUMMARY 


The presence of serotonin in human })rain 
structures has been demonstrated. The ::reas 
of the allocortex had higher serotonin con- 
centrations than the isocortex. The hivhest 
concentration of serotonin per unit wvight 
of tissue is in the mesencephalic struc: ures 
(mainly substantia nigra and probabl\ red 
nucleus) ; the diencephalic structures hy- 
pothalamus) contain also relatively ‘arge 
amounts of this neurohormone. The -ere- 
bellum as well as the isocortex hav: the 
lowest concentrations of serotonin. 
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For the past half a century, ever since 
Kraepelin (9) delineated the then confusing 
term dementia praecox, medical science has 
attempted to determine the etiology of this 
disorder. Since this time, a variety of eti- 
ologies has been presented, discarded, re- 
discovered and re-presented. There have 
been waves of interest in various aspects 
ranging from the completely psychogenic 
to the completely organic, with others at- 
tempting an amalgam of varying concepts. 
The difficulties involved in this endeavor 
are well illustrated in the appendix to Bel- 
lack’s textbook, Dementia Praecox, (3). 
There, under eight headings, he lists 39 
different etiologic factors of dementia prae- 
cox. 

Recently, under the impetus of the dis- 
covery of the tranquilizing drugs, there has 
been a reappraisal of many of the organic 
factors in the etiology of schizophrenia. 
Attention has been particularly centered 
about the possibility that a circulating pro- 
tein, most likely an abnormal breakdown 
product of a normal constituent of the 
body or blood stream, may be responsible 
for the development and maintenance of the 
symptoms of schizophrenia. The Tulane 
Group directed by Heath (6) has recorded 
isolation of such a substance, termed 
taraxein, which when injected in voluntary 
controls produced the symptoms of schizo- 
phrenia in 21 instances. Hoffer et al. (8) 
have held that an abnormal intermediate 
breakdown product of adrenaline may well 
be responsible for the symptoms of schizo- 
phrenia. 

When one contemplates the many pos- 

7 Read before the Annual Meeting of the So- 
— of Biological Psychiatry, Atlantic City, June, 
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sibilities concerned in what we might term 
the toxic origin of schizophrenia one of the 
simplest would be that an abnormal! sub- 
stance derived from a normal bodily me- 
tabolite is responsible not only for the 
production but for the elaboration of the 
schizophrenic symptoms. This hypothesis is 
suggested by the above mentioned work. 
It must be emphasized that this is the 
simplest thesis—that many more compli- 
cated ones might be envisaged. Thus, while 
the toxic substance might be present st the 
time of the original development of the 
symptoms, the disorder might well be per- 
petuated long after the abnormal metab- 
olite has disappeared. However, a very 
reasonable method of approach in this very 
difficult field would be to take the simplest 
hypothesis, subject it to experimental scru- 
tiny, and if the hypothesis is proved invalid 
go on to a more complex one. 

We have, therefore, elected to test the 
hypothesis that a protein circulating in the 
blood is responsible for the production and 
maintenance of the symptomatology of 
schizophrenia. It would follow that if such 
a substance is removed from the body a 
temporary remission should take place. 
This is a situation that is not uncommon 
in the field of pediatrics. For example, in 
erythroblastosis fetalis a substance nor- 
mally in the body, bilirubin, is present in 
the circulating blood stream in_ excess 
amounts. This substance has been shown 
to be toxic (2, 5). Since the bilirubin might 


‘contribute to the production of irreversible 


brain damage or possibly death, one should 
remove the bilirubin. By means of exchange 
transfusions this problem has been solved 
(1), and in this way significant amounts 
of bilirubin can be washed out of the body. 
The damage that might otherwise ensue 
can be minimized. Similar methods have 
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been utilized in the treatment of children 
who have been poisoned by boric acid (4). 

It, therefore, occurred to us that such 
a method might be useful in the testing of 
the above hypothesis. 

A survey of the literature indicated that 
we were not the first to whom such an idea 
occurred. Reiter (12), in 1938, reported 
exchange transfusions in four schizophrenic 
patients, three of whom displayed tempo- 
rary remissions. It is noteworthy that of 
the three patients showing improvement, 
two displayed impressive change. In these 
cases, the remission lasted from three to 
four weeks. On the other hand, Pfeffer and 
Pescor (11), in 1944, reported on the effect 
of multiple transfusions in six schizophrenic 
patients. It must be noted that instead of 
large exchanges done in one procedure, such 
as Reiter reported, Pfeffer and Pescor with- 
drew 500 to 1000 cc. of blood and injected 
an equivalent amount daily or every other 
day over a considerable period of time. 
Only one patient in Pfeffer and Pescor’s 
series of six showed any change which could 
not be unequivocally related to the ex- 
change. 

In addition, the experiments of Goldbladt 
and Krapiwkin (7) may be cited. They 
administered single transfusions to 12 schiz- 
ophrenic patients. Their source of blood 
was from normal and schizophrenic subjects 
in remission. Eight of the 12 demonstrated 
improvement. Three of these were stated 
to have demonstrated complete recovery. 

Pascal and Davesne (10) administered 
whole blood to six patients; however, they 
used the intramuscular route. Five of the 
patients improved. Two of them were de- 
seribed as recovered. 

In view of the contradictory results, it 
appeared worth while to repeat this work, 
utilizing our more modern skills in perform- 
ing exchange transfusions. 

This project was embarked upon not as 
a means of discovering a new therapy, be- 
cause at best only temporary remission 
could be obtained, but as a means of testing 


a hypothesis which would not only clarify 
investigation but might also lead to further 
discoveries. 


METHOD 


The subjects for this study consisted of 
four patients. One was a five and one-half 
year old autistic child; the other three were 
adults. * The history of each will be given 
below. Only local anesthesia was used. 
Tranquilizing drugs were discontinued one 
month and other medications one week 
before the transfusions. Blood of the proper 
type was obtained during the previous 24 
hours from subjects who were physically 
in good health and gave no history of 
mental illness. 

In the case of the child, a cutdown was 
performed on one of the antecubital veins. 
A No. 7 polyethylene catheter was inserted 
into the vein and connected by means of 
a three way stopclock to a syringe and to 
a bottle of blood. Thus, the blood could 
be drawn out of the vein and then the 
flow reversed and blood pumped back into 
the body by means of the syringe. 

In the case of the adults, no cutdown 
was necessary. Needles were inserted into 
both antecubital veins. Usually 500 to 1500 
ce. of blood were first drawn off to be 
saved for future studies. Transfusion was 
then begun on the opposite arm and blood 
continued to be drawn off in 500 cc. allot- 
ments. Inflow and outflow of blood were 
matched. Intravenous Benadryl was avail- 
able for the treatment of sensitivity reac- 
tions to transfusion. In addition, Demerol 
was administered in each case late in the 
procedure for discomfort. In one case (Case 
3, see below), the antecubital veins were 
not satisfactory; puncture of the femoral 
vein was done through the skin under local 
anesthesia. 


“Doctors Nathan Beckenstein, James Rappa, 
and Joseph Villara of Brooklyn State Hospital 
and Doctor Lisbeth Sacks of Kings County Hos- 
pital were most helpful to the authors in carrying 
through this project. 
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CASE HISTORIES AND RESULTS 


Case 1. Stuart was a 5% year old boy, one 
of identical twins. His twin, Thomas, was also 
available for study. There was no history of 
mental illness in the family. This was the 
second pregnancy for the mother. Pregnancy 
and delivery were stated to have been normal. 
Stuart weighed 7 pounds at birth, whereas the 
twin brother, Thomas weighed 6 pounds. Stuart 
was born first. In their early development, it 
was noted that both children were quite un- 
aware of their parents. The mother described 
both twins as living in a world of their own. 
In later development, Thomas began to display 
some attention to other people, but Stuart 
continued to be remote. In addition, Stuart cried 
a good deal as an infant, was very impulsive, 
and had a bad temper. He was also given to 
wild and destructive activity. Both twins sat 
up at 6 months, got their first teeth at 8 
months, and stood at 1 year. There is un- 
certainty concerning the age at which they 
could walk without support. The parents esti- 
mate it at 18 months. They were not toilet 
trained until they were over 4 years old. 
Stuart rocked his bed going to sleep until he 
was 1%. Since the age of 2 he had been a 
head banger. Stuart had excessive fear of riding 
in a car or in a bus. He had sleep disturbance 
which the parents attributed to dreams. Stuart 
always played alone. Thomas would play on 
occasion with his older sister. Stuart was fond 
of music and responded when his mother picked 
him up and danced to radio music. 

On ‘psychologic testing, Stuart’s “inability to 
speak and his poor cooperation did not permit 
an accurate assessment of his intellectual abil- 
ities and he is therefore unclassified.” At the 
time of testing, Stuart was retarded by 1 year 
on the Vineland Social Maturity Scale. At the 
same time, Thomas was up to age, on the same 
test. 
At the time of study, Stuart was completely 
mute and did not babble. However, the mother 
did recall that at the age of 4, Stuart did say 
hello on the telephone. From the age of 4, 
Thomas had been babbling, made attempts to 
speak, and had exhibited echolalia. Both children 
were diagnosed as having childhood schizo- 
phrenia of the autistic type. 

Both Stuart and Thomas were hospitalized 
for the purposes of this study. Since Stuart 


was the sicker of the two, the exchange trans- 
fusion was performed on him, while Tliomas 
was kept as a control. ' 

After a preliminary study of both ‘hese 
children in the hospital, an exchange transi sion 
was performed on Stuart in the operating room 
as described above: 1400 cc. whole blood were 
drawn off and an equivalent amount inj: ted, 
It was estimated that an exchange of 5) per 
cent had been performed. In the early part 
of the transfusion, Stuart was quite re-iless, 
However, as time went on, he became }):rtic- 
ularly tranquil and unperturbed. Thi- was 
noticed even before some chilling necessitated 
the injection of Demerol. Postoperaiively, 
Stuart had a temperature of 101° F. for | day. 
He was placed on a regime of antibiotic- im- 
mediately after the transfusion. Aside fron: this, 
physical recovery was uneventful. 

Certain changes were noted in Stuart that 
were not obesrved in Thomas. Stuart showed 
more awareness of the examiner. Instead of 
being completely oblivious of the examiner, he 
would reach out his hands and touch the ex- 
aminer’s lips when the latter was talking. He 
also pulled at the examiner’s ears. When visits 
were made, he would run over to be picked 
up. He began to enjoy playing simple games. 
If placed on a high perch, he would jump 
down into the examiner’s arms. Also for a 
period of 2 weeks following the transfusion, 
Stuart babbled. Thereafter, the babbling slowly 
disappeared. Certain changes occurred in both 
Thomas and Stuart, such as improvement in 
toilet habits, that could be ascribed to hospitali- 
zation or maturation. 

Three weeks after the transfusion, Stuart 
and Thomas were discharged from the hospital. 
The parents who had visited Stuart regularly 
during the hospitalization felt that he had 
demonstrated a greater spurt than Thomas. 
Two weeks after discharge, they stated that 
Stuart was pretty much as he had been before 
the procedure and had “slipped back.” Thomas 
continued to mature slowly. There were no 
physical sequelae. 

Case 2. Leo was a 45 year old man. Family 
history was said to be negative for mental and 
nervous disease. The patient was the youngest 
of 11 children. He was a blue baby but was 
resuscitated by the midwife. Childhood de- 
velopment was said to be not remarkable. 
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There was close attachment to mother and ministered. Condition at the end was unim- 
sister. School was begun at the age of 6. He proved. 
was very poor in school and only reached grade Prior to the transfusion, Leo was unable to 
5B at the age of 17. He had temper tantrums contact his surroundings or even answer simple 
and was very stubborn as a child. If frustrated, questions. He was stated to be inappropriate, 
he would strike himself or would bite his arm. detached, incoherent, and paralogic. He was 
At puberty, he became extremely seclusive. He possibly hallucinating. Most questions were 
would sit around the house brooding. He was answered with, “I don’t know.” Sensorium was 
shy and very isolated. questionable No insight or judgment was pres- 
At 21, he was admitted to a state hospital ent. He was untidy, regressed, and idle. 
with « history of having been peculiar for The patient was cooperative throughout the 
the previous 2 years. He was extremely seclusive, procedure. Initially, 1500 cc. of whole blood 
resented any interference and became irritable. were withdrawn from one cubital vein; 1500 
He showed a tendency to smile, mumble, and ce. of whole blood were then transfused via 
gesticulate to himself. He was slovenly in his the other arm. Thereafter, intake and outflow 
habits and felt neighbors were laughing at him. were kept as identical as possible. In all, 4500 
Shortly thereafter, he was transferred to an- cc. of whole blood were drawn off and 4550 cc. 
other hospital with the diagnosis of dementia injected. It was estimated that 57 per cent of 
praecox of the hebephrenic type. One year the patient’s blood was exchanged. The pro- 
later he was paroled and was discharged 1 cedure was terminated because of urticarial 
year later as improved. wheals which broke out over the chest and 
During the interval, he never did well, would body. During the middle of the procedure, Leo 
, he have violent spells, yell and curse while the became particularly peaceful and tranquil. The 
eX family ate. He was slovenly and unclean. He continuance of this state could not be properly 
He was hospitalized again 7 years later. Leo was evaluated. Later, it became necessary to inject 
isits again diagnosed as hebephrenic, dementia prae- intravenous Benadryl and Demerol because of 
cked cox. His physical examination at this time was the reaction he exhibited. Following the pro- 
mes. negative. He was talkative, rambling, and illogi- cedure, Leo was placed on a schedule of anti- 
ump cal. He was not overactive. Emotionally, he was biotic therapy. There was a 3 day febrile 
ra shallow and at times silly. He denied hearing reaction. During this time, he remained dis- 
sion, voices or having any hallucinations, but he dis- oriented and confused. He answered questions 
owly played peculiar postures of hands and arms. This _ by repetitiously asking, “When is visiting day?” 
both was especially noticeable when he spoke. Recent He did inquire concerning his relatives which he 
t in and remote memory were poor. Orientation was had not done before. However, in general, his 
tali- fair and abstract conceptions and general knowl- __ reaction was essentially unchanged. 
edge were poor. He was described as sloppy Case 3. Harry, a 25 year old male, was first 
and untidy, deteriorated, confused, and out of hospitalized when he was 18 years old. Family 
contact. There was little change in his status. history was negative for mental and nervous 
One year later, 20 electric shock seizures disease. Pregnancy and delivery were normal. 
were induced. He remained essentially un- There were no feeding problems or toilet train- 
changed, continuing to be disheveled, dirty, ing problems described. The patient had the 
restless, impulsive, and probably hallucinating. inary diseases of childhood and scarlet fever 
He seemed completely preoccupied. During the at 5 years of age. He — described sl bashful 
A boy who had great difficulty making friends. 
ensuing year, the patient received 10 occasional H ten 
shock treatments. In 1947, at the age of 35, a 
Bpand mal pone ee induced with Met- books. He felt that the world did not want him. 
mao, but since behavior became worse, the He never made dates with girls but was de- 
therapy was discontinued. He remained dirty, scribed as enjoying looking at pictures of girls 
incontinent, untidy, impulsive, and self-punish- jp bathing suits. He was not close to his father. 
ing. The deteriorated state continued until 1950, Two weeks prior to admission, patient had a 
When 20 electric shock treatments were ad- wisdom tooth removed. After this, he com- 
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plained of terrible headaches, which were treated 
by a physician. He began to stay up nights and 
make funny faces. He complained that no one 
would give him a break. 

At admission, he was physically well devel- 
oped and well nourished. Physical and neurologic 
examinations were negative. He appeared to be 
withdrawn, seclusive, immature, and expressed 
ideas of influence and reference. He felt that 
he could not control his thoughts and stated 
spontaneously that his thoughts were under the 
control of his mother. He felt unable to make 
decisions and related auditory and visual hal- 
lucinations. He felt that people on the street 
stared at him and talked about him because of 
the way he walked. He showed defective insight 
and judgment. 

Several days after admission an evaluation 
found him as generally depressed and preoccu- 
pied. He was noted to stutter and stammer all 
through his interview and was suspicious of the 
examiner. He appeared frightened and moved 
very little during the interview, sitting in a 
somewhat hunched position. He spoke spontane- 
ously but his thoughts seemed disconnected and 
irrelevant. He stated, “Sometimes I put an- 
other’s name in my body. I feel my flesh crum- 
bling; I seem to get smaller. That’s because I 
sin.” He was oriented. Sensorium was clear. In- 
sight and judgment were lacking. He was diag- 
nosed as dementia praecox, catatonic type. 

Insulin shock therapy was begun and in 
several months he completed a course of 60 
treatments. He showed considerable improve- 
ment. He was now described as pleasant and 
cooperative. He no longer heard voices but still 
felt that he had been treated unjustly and dis- 
criminated against by other patients. He showed 
no assaultive or aggressive tendencies. He was 
placed on convalescent status. 

He returned from convalescent status 1 year 
later. He was extremely agitated, accused his 
mother of making him nervous. However, he 
denied hallucinations. At this time, he received 
20 electric shock treatments in combination with 
insulin. Slight temporary improvement was dis- 
played. Hallucinations were described and he 
stated that demons talked to him. He remained 
apprehensive and tense. He was frequently get- 
ting into fights. He stated that he was mixed up 
in the head. There was marked evidence of ideas 


of persecution, reference, and influence. Insight 
and judgment were completely lacking. 

Consequently, Metrazol shock treatment was 
begun. He underwent five major convulsions and 
was thought to be improved. However, in 2 
months, he began hallucinating again anc elec- 
tric shock treatment was begun, consisting of 
17 major convulsions. His condition was unim- 
proved. 

No significant changes were noticed «uring 
the following year. His affect was markec!y flat 
and he was manneristic, grimacing, and twitch- 
ing. He was confused and had difficulty finishing 
sentences. He admitted to auditory halliicina- 
tions, and some paranoid elements were elicited. 

Another course of electric shock therapy and 
large doses of Thorazine were administered. In 
neither case was there appreciable change. 

In March, 1957, he was described as having 
blunted affect, circumstantial production. He ad- 
mitted to hallucinations, hearing voices telling 
him to go home. He was evasive when questioned 
about paranoid trends. He. was disoriented for 
time; insight and judgment were lacking. 

Upon being brought to the operating room 
for the exchange transfusion, he had to be re- 
strained because of panic. However, the pro- 
cedure was performed under local anesthesia; 
6000 cc. of whole blood were injected and 6150 
cc. were removed. It was estimated that 63 per 
cent of the patient’s blood was exchanged. Fol- 
lowing the initial difficulty, the procedure went 
along smoothly. A period of relative tranquility 
was noticed in the course of it, which continued 
until the end of the procedure. For a period of 
time, during the transfusion, he denied any of 
the hallucinations which had been present con- 
tinuously before. However, before the end of the 
procedure, he again described auditory hallu- 
cinations. Following the completion of the trans- 
fusion, he was given antibiotics. There was a 
febrile reaction for 4 days. Repeated interviews 
with the patient revealed no substantial change 
in his mental status. Auditory hallucinations con- 
tinued and he remained suspicious, silly, and in- 
appropriate. It was felt that no significant 
change had occurred. 

Case 4. David was a 28 year old man who 
was first hospitalized when 23 years old. There 
was a family history of mental illness. He was 
the oldest of seven siblings. Eearly childhood 
was uneventful. He completed the fourth term 


| 

of hi 
vari€ 
nice 
gan 
cowe 
and 
beg 
at W 
reco 
cam 
to a 
cam 
of | 
E 
Inco 
dem 
sion 
was 
cing 
tive 
dow 
and 
of i 
wet 
of 
Ten 
ing 
me 
pal 
the 
dey 
12 
toil 
one 
the 
| 
in 
sp 
sh 
me 
me 
He 
to 


‘ificant 


n who 
There 
Te was 
Idhood 
h term 


EXCHANGE TRANSFUSIONS IN SCHIZOPHRENIA 299 


of high school. David worked from age 13 at a 
variety of stores. He was described as “a very 
nice quiet boy.” While a camp counsellor, he be- 
gan to have nightmares and difficulty with his 
coworkers. He enjoyed reading science fiction 
and was said to have been well liked and had 
many friends. One year prior to admission, he 
began to complain of nervousness and difficulty 
at work. At this time, he saw a psychiatrist, who 
recommended shock treatment. The patient be- 
came very fearful about this. Six months prior 
to admission, he had difficulty sleeping and be- 
came very anxious and began to have dreams 
of being chased. 

He was described at admission as being 
greatly agitated. His speech was blocked and 
incoherent. He was hostile and suspicious. He 
demonstrated auditory hallucinations and delu- 
sions of grandeur and persecution. His affect 
was blunted and judgment was impaired and 
insight lacking. He admitted to auditory hallu- 
cinations. He was very threatening and assaul- 
tive at admission. After several days he quieted 
down. However, he admitted to suicidal thoughts 
and stated that people were against him, partic- 
ularly his mother and father. He complained 
of inability to think right and felt other patients 
were spying on him. He also stated he had fears 
of dying. He was well oriented and recent and 
remote memory were adequate. Abstract think- 
ing was good. Insight was superficial and judg- 
ment fair. The diagnosis was dementia praecox, 
paranoid type. 

Additional information was obtained from 
the patient’s mother which indicated that his 
development was normal. He was breast-fed to 
12 months. He walked at 1 year of age. He was 
toilet trained before 1 year. The patient had 
one accident when he was 10 months old, but 
there did not seem to be any severe head injury. 

Shortly after admission, insulin therapy was 
begun. During this time, patient was involved 
in a fight with another patient. He did not re- 
spond to insulin therapy. Consequently, electric 
shock therapy was begun. Following 17 treat- 
ments, he was able to go home weekends and was 
placed on convalescent status and felt to be im- 
proved. 

He was returned from convalescent status 6 
months later because he had been getting worse. 
He became very tense, complained of headaches, 
took many cold baths. He would stand-in one 


spot shaking and would not go out of the house. 
Another course of electric shock therapy was 
begun. Following this, his affect was described 
as poor and diminished. There was no gross psy- 
chotic thinking. However, patient seemed autis- 
tic and somewhat distracted. Sensorium was 
clear. 

While at home, patient thrust his hand 
through a window and suffered severe lacera- 
tions of the wrist. He was withdrawn, tense, and 
unable to explain his impulses. Home visiting 
privileges were withdrawn. 

For the next year, very little change was ob- 
served in him while he remained in the hospital. 
In July, he was transferred to surgical service 
because of rectal bleeding. There he was de- 
scribed as neat and tidy although he spent most 
of the day in the kitchen. He rarely talked to 
other patients. He was reluctant to be inter- 
viewed and there was apparent blocking during 
interview. His affect was constricted. He seemed 
generally indifferent toward questions. No delu- 
sions or hallucinations could be elicited. Patient 
had prolonged treatment for the anal fissures 
and hemorrhoids. Subsequently, he developed an 
anal stricture which was dilated under anes- 
thesia. 

In November, 1956, patient impulsively in- 
jured several of the attendants and attempted to 
strike the doctor on the ward. Patient was given 
Serpasil and then electric shock therapy. In 
February, 1957, maintenance treatment was 
terminated without much benefit. Patient re- 
ceived a total of 19 modified convulsions without 
any complications. Minimal improvement was 
noticed. 

He was again given Serpasil. Affect remained 
blunted. He continued to be impulsive. He was 
evasive when questioned about hallucinations. 
Sensorium was clear. 

Shortly thereafter, an exchange transfusion 
was undertaken. At the beginning of the pro- 
cedure, David was relatively cooperative; 1000 
ec. of blood were withdrawn at the start. The 
blood was saved for future study. David was 
cooperative at first, but became increasingly 
restless and uncooperative. A total of 3650 cc. 
of blood were drawn off and replaced by 4200 
ec. of normal whole blood. It was estimated that 
54 per cent of the patient’s blood was exchanged. 
David was placed on antibiotics and demon- 
strated a febrile reaction for 2 days. David’s 
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paranoid symptomatology was very much in 
evidence and became increasingly so on each 
successive ‘day. He became increasingly suspi- 
cious and impulsive. Without provocation, he 
struck another patient and at another time an 
attendant and a physician. It was necessary to 
place him upon maintenance electric convulsive 
therapy. The response to this was slight im- 
provement. 

DISCUSSION 


The removal of 54 to 63 per cent of the 
blood of four schizophrenic patients by ex- 
change transfusions over a 1 to 3 hour 
period resulted in no changes in the mental 
condition of three adults. In one child 
there was a possible slight improvement 
lasting a few days. We are left, then, with- 
out much in the way of support for the 
humoral theory, in so far as that theory can 
be tested in this way. 

Failure to achieve more decisive results 
could arise from the following. 

1. The humoral theory of the etiology 
of schizophrenia could be incorrect. 

2. The exchange was not complete 
enough to result in a changed mental con- 
dition. It is conceivable that an exchange 
of the order of 90 per cent might be re- 
quired to effect such a clinical change. 

3. The “toxic” agent may not only be 
present in the blood, but also saturate the 
tissues of the body. Thus, as rapidly as it 
is removed, it is replaced from the tissue. 
Consequently, it may be difficult or impos- 
sibie to remove it by means of exchange 
transfusions. 

4. There are somatic changes produced 
in schizophrenia which are not affected by 
temporary or partial reductions in the hu- 
moral factor. 

Regarding the last possibility, it is note- 
worthy that whatever change did take place 
occurred in the child. This might suggest 
that an abnormal metabolite may produce 
changes which in time becomes irreversible. 
Further, schizophrenia may well exist from 
birth. Therefore, this procedure would only 
yield results within the earlier years, while 
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-stance is being removed, there may be 4 


there would be some opportunity for re. 
versibility. This possibility can only be 


answered by further experimentation. be 
However, the question of opportunity for : 
reversibility might be an importan: one, Ne 
We have not, as yet, done an exchange 9 
transfusion on any patients who are ex- e 
periencing their first acute breakdown. The aa 
onset of David’s schizophrenia is given as a 
5 years prior to exchange trans:usion. pee 
Harry has been manifestly ill for 7 years, : 3 
however, Leo has a history of mental! illness all 
for over 25 years. There is no dificrence 4 
in the poor response in all three casvs. The 
Reiter (12) did report improvement in oul 
3 of 4 patients who had had illness of long 5 
standing. Our results failed to confirm 
Reiter’s findings and are similar to those ‘ail 
reported by Pfeffer and Pescor (11). Only 
1 subject of their 6 improved. It was noticed 
previously that their procedure was that of La 
doing small exchanges over an exiended 
period of time. It is noteworthy that the 1 
patient who did improve was ill the shortest 2! 
period of time, 9 months, and received larger 
transfusions over a shorter period of time 3] 


than the other cases. 

The study indicates, however, that ex- 
change transfusions can be done quite 
readily and in the hands of alert and skilled 
personnel without too great danger. It does 
also afford a means of obtaining large 
amounts of blood from a single patient 
which might be useful in further biochem- 
ical studies. 

A point of intersting comparison between 
our series and that of Reiter’s is the period 
of tranquility in a number of patients. This 
may be an nonspecific effect. On the other 
hand, during a period when a toxic sub- 


4.1 


latent period before it is replaced from the 
tissues. This may be reflected in the tran- 
quil period. 

Since there was a possible slight effect in 
the one child, we propose to continue the 
study using young subjects and more com- 
plete exchange. 
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SUMMARY 


1. The hypothesis that a substance cir- 
culating in the blood is responsible for the 
symptomatology of schizophrenia was 
tested by means of exchange transfusions. 

2. The patients consisted of a five and 
one-half year old autistic child and three 
chronically ill male adults who had, re- 
spectively, paranoid, hebephrenic, and cat- 
atonic schizophrenia. 

3. The status of the adults remained the 


same. 

4. The child may have improved slightly. 
The extent of the improvement was not 
enough to exclude nonspecific factors. 

5. The humoral theory is not supported, 
but neither can it be said to have been 
invalidated by these observations. 
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